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1. INTRODUCTION

During February 2012, Weston Solutions will begin installation of a sheet-pile wall as part of a
Remedial Action (RA) at the Sherwin Williams site, a former paint manufacturing facility, in
Newark, NJ. These remedial activities will result in disturbance of contaminated soils and may
create the potential for airborne transport of subsurface soil contaminants.

Therefore, perimeter air monitoring will be conducted in accordance with this Perimeter Air
Monitoring Plan (PAMP) to provide a mechanism by which the public and the Creamer
Environmental employees as well as Weston employees are protected from potential emissions
of volatile organic compounds (VOCs) and particulates resulting from remediation activities.
This PAMP outlines the procedures for air monitoring and the collection and analysis of
perimeter air samples, as well as the establishment of Site-specific perimeter air quality standards
that are protective of human health. This PAMP covers air quality conditions at the perimeter of
the project site. A separate air monitoring program and sampling program will be implemented
by Creamer Environmental for workers exposure during remedial activities. The perimeter air
monitoring as described in this PAMP will be performed for the duration of remediation
activities related to sheet-piling installation, to ensure that the remedial activities do not
adversely affect air quality.

Actions involving only minor or limited intrusion or disturbance of the soil, including installation
of soil erosion and sediment control measures may be performed without perimeter air
monitoring, provided that air monitoring is performed at the work zone (i.e., the Exclusion zone)
and the more stringent of the PAMP and HASP action levels are implemented.

1.1 SITE LOCATION, HISTORY AND CURRENT CONDITIONS
1.1.1 Site Location

The former Sherwin-Williams plant is a 13-acre parcel located at 60 Lister Avenue, Newark,
New Jersey. The facility and the surrounding area consist of heavy industrial properties with
some nearby sporadic residential and commercial areas. This section of Newark known as the
Ironbound includes several known contaminated sites including the Diamond Alkali National
Priority List (NPL) site (Chemical Land Holdings), which borders the facility to the east. The
site is bordered to the north by the Passaic River, to the west by a Conrail rail yard and the
COPCO facility, and to the south by a railroad and Lister Avenue. The COPCO property is
adjacent to the former plant (west) and is owned by Sherwin-Williams. Reichhold Chemicals,
Inc. is located to the due south across Lister Avenue and Stanley Tools is located southwest
(both are NJDEP ISRA sites). Two rail spurs are located on the Sherwin-Williams property.
These rail spurs enter the property from the southwest and extend to the north and east. At least
one of these spurs was used by Sherwin-Williams for the transportation of raw materials to the
site, while other spurs were historically used by Chemical Land Holdings (CHL). Figure 1 is a
site location map depicting the local topography and surrounding industrial areas.
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1.1.2 Site History

Sherwin-Williams had operated a paint manufacturing facility at this location since 1910. The
plant produced and stored oil-and water-based paints, lacquers, thinners, oils, solvents and alkyl
resins. In 1984, the plant switched to the production of water-based paints only. The solvent-
based paint operations were moved to other locations and the resin and lacquer production
operations were terminated. All operations ceased in 1999.

1.1.3 Site Description

The subject property is a 13-acre parcel located at 60 Lister Avenue, Newark, New Jersey. The
area surrounding the facility consists of industrial properties. Residential properties are located
sporadically within a 0.25-mile radius south of the facility. Commercial properties (light and
heavy industrial) are located adjacent to and within a 0.25-mile radius. Two rail spurs are
located on the Sherwin-Williams property. These rail spurs enter the property from the
southwest and extend to the north and east. The former Newark Plant consisted of 20 buildings
used in paint manufacturing production, and storage of raw and finished products. Building
foundations and pavement covered approximately 60% of the site (Figure 1-2). The former
Newark plant demolition was completed in August 2000. The southeast corner of the property

- consists of a gravel parking lot. The area north of the parking lot consists of an unpaved area
covered with vegetation. The southwest section of the property is almost entirely unpaved. The
portions of the property that were not covered by building foundations were used primarily for
parking, drum storage, or storage of raw materials.

1.1.4 Known Hazardous Waste Sites Near Site

The Ironbound section of Newark includes several known contaminated sites including the
Chemical Land Holdings (CLH) or Diamond Alkali (Dioxin) NPL site which borders the facility
to the east. To the north of the Sherwin-Williams site is the Passaic River (which is also a NPL
site known as Operable Unit 2 because it relates to the CLH Dioxin Site). To the south and west
is the Stanley Tools ISRA site and to the west is a cargo shipping container storage area yard
(owned by Sherwin-Williams and known as the COPCO site). Reichhold Chemicals, Inc. (an
ISRA site) is located to the south across Lister Avenue.

1.2 PROPOSED REMEDIAL ACTIVITIES

The proposed remedial activities to be performed by Creamer Environmental, Inc. includes the
installation of a steel sheet pile wall along the northern boundary of the former Sherwin-
Williams Newark plant located at 36-84 Lister Avenue in Newark, New Jersey. It will consist of
a land-based and driven sheet-pile wall. The wall will be approximately 1,000 feet in length with
two 100-foot walls located along the west and eastern boundary of the site to a depth of
approximately 55 feet, as depicted in Weston’s September 2010 Remedial Action Workplan,
approved by the New Jersey Department of Environmental Protection (NJDEP).

Specifically, construction activities during installation will include the following:

L:\20076.023.048 SW Sheetpile Installatio!\AMP\PAMP_2012_Revised Final_3-22-12.docx 2



Mobilization and Site Preparation

Concrete Demolition and Stockpiling

Pre-Trenching

Debris Handling/Disposal

Sheet-pile installation

Survey of As-Built Location and PE certification of Installation
Backfilling and Grading

Demobilization
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2. KEY PERSONNEL

The following are the key personnel for the interim remedial activities at the Site.

Sherwin-Williams Personnel

Gordon Kuntz, Project Manager
Consultant Personnel-Weston Solutions, Inc.

Michelle Afflitto, Project Manager

Steven O’Brien, Construction Manager (CM)

Christopher Cicerale, Alternate Construction Manager
Alycia Bell, Perimeter Air Monitoring Technician (PAMT)
Alanna Garrison, CSP, CHMM, Weston Regional EHS

RA Contractor Personnel-Creamer Environmental, Inc.

Timothy Vanriper, Project Superintendent
Rick Van Lenten, Site Safety Officer (SSO)

2.1 RESPONSIBILITIES

2.1.1 Responsibilities of PAMT

Weston will utilize a full-time PAMT on site to implement the PAMP. The PAMT duties would
include, but not limited to, the following tasks:

Daily implementation of the PAMP;

Calibration of the monitoring and sampling equipment;

Logging and retaining the resulting air monitoring data;

Communicating with the site superintendent in regards to PAMP air monitoring
results and general safety issues/concerns; and

¢ Compiling daily reports for submittal to Creamer and Sherwin Williams.

The PAMT and Site Supervisor will coordinate with the Creamer site superintendent to require
additional dust control measures and/or to stop work as necessary to ensure the health and safety
of Creamer Environmental, Inc. employees and the surrounding community. An onsite weather
station will also be utilized to record, wind speed and direction. This data will be evaluated by
the Weston PAMT on a daily basis in conjunction with review of each day’s air monitoring data,
to determine whether there is any potential for exposure to neighboring properties.

At the end of each work day, all air monitoring data will be downloaded from the Data-Rams to
Weston’s electronic project folder, located on the Edison Corporate (EDC) server, to ensure all
data is accessible in case of laptop malfunction. Additionally, on days when air sampling is
conducted, electronic copies of individual field pump sheets will also be placed in the electronic
project folder.
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2.2 PROJECT OBJECTIVES
2.2.1 Perimeter Air Monitoring Objectives

The purpose of this PAMP is to ensure that members of the general public are not exposed to
airborne contaminants originating from the Site remedial activities at concentrations above the
action levels provided in this PAMP. Perimeter air monitoring is designed to accomplish the
following objectives:

e Protect human health from exposure to unacceptable risk levels of contaminants resulting
from former manufacturing operation;

e Minimize risk of community exposure to contaminants resulting from remediation work
performed at the Site;

e Determine the need for, and evaluate the effectiveness of, vapor and/or dust emission
controls;

e Monitor and document ambient air quality at project perimeter locations during remediation

activities to prevent elevated off-Site exposures;

Establish/foster community confidence;

Reduce potential liabilities due to remedial activities;

Evaluate the monitoring data to evaluate exposure risks at the project perimeter;

Verify real-time air monitoring data through the collection of confirmatory samples as

necessary; and

e Complete a Perimeter Air Monitoring Report to document the results and evaluate the
exposure risk.

2.2.2 Data Quality Objectives

The Data Quality Objectives (DQOs) for this PAMP are established to define the data gathered
in relation to the methods used to collect the data and the data’s anticipated end use. The DQOs
apply to the equipment that are being used, their calibration and maintenance, and other factors
that may impact sample integrity and the quality of the data collected.

Both real-time screening sampling and confirmatory air sampling will be done. The DQOs for
this sampling are directed at ensuring the integrity of all procedures for real-time monitoring and
for collection, custody, transportation, and analysis of confirmatory samples. The following
DQO levels will be utilized during the performance of remedial actions:

e Real-time screening sampling: Field screening will be performed using portable equipment,
such as a photoionization detector (PID) and an aerosol dust monitor (e.g., TSI Dust Trak).
The quality control/quality assurance (QA/QC) for this equipment includes periodic
calibration in accordance with the manufacturer’s specifications. The data collection does
not include QA/QC control other than calibration checks. The real-time data will be used to
document airborne concentrations measured during site activities and assist Site personnel
with determining the need for more aggressive vapor and/or dust suppression activities or
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alteration of work activities. The real-time data will be used to show compliance with the
action levels for perimeter air quality.

e Confirmatory air sampling: This sampling applies to analyses performed off-Site at an
analytical laboratory. The analyses will be conducted in accordance with the appropriate
United States Environmental Protection Agency (USEPA), Occupational Safety and Health
Administration (OSHA), and/or National Institute of Occupational Safety and Health
(NIOSH) air sampling methods. The data will include QA/QC elements specified by the
appropriate analytical method. The data will be used to confirm the accuracy and precision
of the real-time screening data and also to show compliance with the chronic action levels for
specific target compounds. Periodic confirmatory samples for metals will be collected at a
frequency of once per week to monitor average perimeter air concentrations over the duration
of the remedial activities.
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3.0 TARGET PARAMETERS AND ACTION LEVELS
3.1 DEVELOPMENT OF ACTION LEVELS

The soil investigation analytical data (waste classification and soil samples) were
evaluated to identify constituents in the site soils at concentrations of regulatory concern.
These data were compared to the New Jersey Department of Environmental Protection
(NJDEP) Soil Remediation Standards (SRS). Perimeter air monitoring action levels were
developed based upon constituents that exceeded the non-residential SRS. The table
below represents the maximum results of detected values within the work zone:

ORGANIC

COMPOUND MAX RESULTS
BENZENE 0.24 | MG/KG
CARBON DISULFIDE 0.48 | MG/KG
CHLOROBENZENE 1.3 | MG/KKG
CHLOROFORM 0.14 | MG/KG
ETHYLBENZENE 0.318 | MG/KG
STYRENE 0.14 { MG/KG

TETRACHLOROETHENE 0.16 | MG/KG

TOLUENE 2.2 | MG/KKG
TRICHLOROETHENE 0.27 | MG/KG
XYLENES (TOTAL) 2.5 | MG/KG
INORGANIC

COMPOUND MAX RESULTS
TOTAL TCDF 0.00114 | MG/KG
ALUMINUM 12100 | MG/KG
ANTIMONY 150 | MG/KG
ARSENIC 352 | MG/KKG
BARIUM 399 | MG/KG
BERYLLIUM 6.9 | MG/KG
CADMIUM 88.8 | MG/KG
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INORGANIC

COMPOUND MAX RESULTS
CALCIUM 13900 | MG/KG
CHROMIUM 491 | MG/KG
COBALT 867 | MG/KG
COPPER 7010 | MG/KG
IRON 24500 | MG/KG
LEAD 8320 | MG/KG
MAGNESIUM 7480 | MG/KG
MANGANESE 7340 | MG/KG
MERCURY - 27.7 | MG/KG
4,4-DDD T 0.85 | MGKG

Acute action levels were identified or developed individually for constituents that had
reference concentrations for short-term inhalation exposure, including: benzene, carbon
disulfide, chloroform, ethylbenzene, styrene, tetrachloroethene, toluene, arsenic, barium,
chromium, lead and mercury, xylenes (total); additionally total Volatile Organic
Compounds (VOCs), and total particulate matter (PM). Inorganic elements (i.e., metals)
were addressed via the PM action level.

The acute action levels for the individual VOCs were based on the NJDEP “Reference
Concentrations for Short-Term Inhalation Exposure” (August 2011). (see Appendix A —
Perimeter Air Monitoring Action Level Calculations). The individual action levels were
developed directly from the Reference Concentrations presented in the NJDEP Division
of Air Quality reference.

The acute action level for total VOCs was developed from a consideration of the
calculated acute action levels for the individual VOC levels and the Site-specific ratios of
the average detected concentration of these individual compounds to the total VOCs in
the soil. The most stringent inferred total VOCs limit, in consideration of all detected
contaminants with calculated short-term action levels, was then selected as the acute
action level for total VOCs.

The acute action level for PM was developed using a formula provicied by the NJDEP
Bureau of Technical Services for particulate matter.

No chronic action levels were developed since the duration of work is less than 1 year in
duration.
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3.2 ACTION LEVEL SUMMARY

The following table summarizes the real time action levels to be applied at the Site during
the remediation activities.

Real-time Action Level 5
for Particulates 1.50 mg/m
Real-Time Action Level 0'31;7 ppm
for Total VOCs A
background

Additionally, contaminant-specific action levels representing acceptable air
concentrations (AAC) at the point of exposure to nearest potential human at the
monitoring location (i.e. site perimeter).

CONSTITUENT st
ARSENIC 2.43ug/m3
BARIUM 6.09 ug/m3
CHROMIUM 122 ug/m3
LEAD 1.22 ug/m3
MERCURY 731 ug/m3

Although the above action levels and AACs have been calculated using conservative
approaches, additional protection to potential receptors is ensured through dispersion.
There may be additional distance from the monitoring locations to the point of exposure
to the actual nearest human receptor, over which dispersion and a reduction in the
airborne concentration of the constituents will occur. Therefore, the action levels are
conservative.
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4. PERIMETER AIR MONITORING PLAN
41 NUMBER AND PLACEMENT OF MONITORING LOCATIONS

Four (4) perimeter real-time air monitoring stations will be used for real-time monitoring.
The four (4) stations will be placed on the project perimeter as follows:

North of the exclusion zone along the Passaic River

East of work area along Passaic River / Diamond Alkali site border
West of work area along the eastern Copco property border
Southern border of the site, along Lister Avenue

Figure 2 shows the proposed layout of the perimeter air monitoring stations.

The PAMT, in consultation with the Weston Site Supervisor and Creamer
Environmental, Inc., will determine the most efficient monitoring locations as the
remediation activities proceed. The actual monitoring arrangement used each day will be
recorded on a Site map for reporting purposes.

Each monitoring station will be configured with the instruments at a height of 4 to 6 feet
above grade to represent the breathing zone of persons at the monitoring locations. This
shall be accomplished by means of a tripod, or other support device. A protective
enclosure will provide protection from rain and other weather conditions that may impact
the operation of the instruments. The PAMT will have available one extra set of real-
time monitoring equipment as a backup and to verify the proper operation of the
instruments at the stations.

Should more than one instrument of the same type fail, the PAMT will modify the
monitoring configuration until a replacement station can be obtained.  The
implementation and rationale for the modified configuration will be recorded on the Site
map and the Weston Regional EHS Manager will be notified of the modification. Should
Weston personnel determine that adequate perimeter air monitoring to protect the public
cannot be performed with the reduced number of monitoring stations, intrusive activities
will cease until such time that an adequate number of functioning monitoring stations is
available.

4.1.1 Monitoring Frequency

Baseline air monitoring particulate data will be collected prior to the initiation of site
activities to establish a background level for comparison. All site-specific action levels
for the protection of Creamer Environmental, Inc. workers and the community will utilize
background results into their development. Once intrusive activities begin at the site, air
monitoring in accordance with the PAMP, will be performed on a daily basis for the
duration of the project when earth-moving activities are being performed. These
activities include, but are not limited to:

e Grading / clearing and grubbing;
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Excavation;

Backfill;

Stockpiling of excavated soils;

Loading of excavated soils for transport; and
Utility installation.

4.1.2 Sampling Frequency

Baseline air sampling will be conducted prior to the initiation of site activities to establish
a background level for comparison. Periodic confirmatory samples for metals will be
collected at a frequency of once per week to monitor average perimeter air concentrations
over the duration of the remedial activities.

4.1.3 Real-Time Air Monitoring During Intrusive Activities And Inclement
Weather

VOC and PM concentrations will be recorded by the air monitoring equipment
dataloggers along the project perimeter during intrusive activities and will be transmitted
real-time to the base station in the site trailer. In addition the Perimeter Air Monitoring
Techinician will manually record VOC and PM concentrations approximately every hour
at each on-site monitoring station. The perimeter air monitoring tech will also record
wind direction and weather conditions. The PAMT will also have on-site back-up
equipment to confirm exceedances if such arise.

During rain events, when Weston CM, Creamer SSO and PAMT determine that dust
monitoring is not necessary in the work zone in accordance with the HASP, PM
monitoring at the perimeter will be discontinued. PM monitoring at the perimeter will be
resumed within 30 minutes of the end of the rain event, regardless of the status of work
zone dust monitoring.

4.1.4 Particulate Monitoring and Air Sampling Data Management

Particulate Monitoring

Upon the completion of daily particulate monitoring, all data will be downloaded and
saved in the following location: L:\SWNewark\Remediation\20076.023.048 - Sheetpile
Installation\13.0 Final Deliverables\Daily Dust Monitoring. The files will be named
with the following format:

DD-MMM-YY-DT-X
DD- 2 digit date (i.e., 05)
MMM- 3 letter month in caps (i.e., FEB)

YY- 2 digit year (i.e., 09)
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DT- Dust Trak (instrument name)

X- Location # (i.e., 1-7. Each Dust Trak will be assigned to a specific location
for the duration of the project)

Each morning, the previous day’s particulate monitoring data will be emailed to a
designated Weston EDC administrative staff member and saved to the Weston network in
the following location: L:\SWNewark\Remediation\20076.023.048 - Sheetpile
Installation\13.0 Final Deliverables\Daily Dust Monitoring. Each file will be saved with
the same filename given. The Weston server is backed up each night at midnight.

Particulate monitoring data will be available on site for review by site workers, Creamer
Environmental, Inc. employees, Sherwin-Williams employees, Weston employees and all
regulatory agencies at any time during standard site work hours (Monday-Friday, 7°M-
5"™). Data files from the Dust Trak can only be viewed using proprietary software
provided by the manufacturer unless the files are converted to another format, such as
Excel. At the end of each work week, all Dust Trak files will be converted to Excel and
formatted in tabular form by the EDC administrative staff member for ease of reference.

42 ALARM CONDITION RESPONSE PLAN
4.2.1 VOC Emission Response Plan

The action level calculated for total VOCs, is 0.37 ppm above background. This level
represents the action level at the perimeter / fence line of the Site, to mitigate potential
exposure to the nearest human receptor. The total VOC action level was calculated as
shown in Appendix A, and based upon the NJDEP reference concentration (inhalation)
for chloroform. Chloroform was selected as the basis for action level calculation as it has
the most conservative NJDEP reference concentration of the various potential VOCs to
be encountered in the work area. Perimeter air monitoring stations will be set to alarm at
0.37 ppm above background.

1. If real-time VOC readings exceed 0.37 ppm above background at the project
perimeter, the PAMT will immediately notify the Site Safety Officer for Creamer
(SSO). The PAMT will observe VOC concentrations for one minute at the
location of the exceedance. The PAMT and SSO will attempt to identify the
source of the VOC emissions. The SSO will also make preparations to address
the source.

2. If the perimeter VOC concentration is sustained above '0.37 ppm (above
background) for five minutes, the PAMT will notify the SSO to implement the
use of odor/emission control measures (i.e., foam, water). The PAMT will
continue to observe VOC concentrations on the real-time monitoring equipment at
that location for five minutes to determine if there is a decrease in concentration.
Additionally, the PAMT will collect one colormetric (Draeger tube) reading for
benzene to assess absence / presence of benzene. If benzene is detected above 0.5
ppm, the Weston benzene SOP will be followed.
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3. If the perimeter VOC concentration is sustained above 0.37 ppm (above
background) for an additional five minute period after the use of odor/emission
control measures, intrusive activities shall cease. Real-time monitoring and VOC
emissions control will continue until the alarm condition is no longer present.
Work procedures will be re-evaluated to lessen odors/emissions, and if applicable,
work procedures will be updated.

4, When the perimeter VOC concentration falls below 0.37 ppm over a five-minute
average, work may resume.

4.2.2 Particulate Monitoring Response Plan

1. If the instantaneous PM concentration exceeds 1.5 mg/m’ at any of the fixed air
monitoring stations along the project perimeter, the PAMT will immediately notify
the SSO. The PAMT will observe PM concentrations for one minute at the location
of the exceedance. The PAMT and SSO will attempt to identify the source of the PM
emissions. The SSO will also make preparations to address the source.

2. If the perimeter PM concentration is sustained above 1.5 mg/m’ for one minute, the
PAMT will notify the SSO to implement the use of water spray (or other appropriate
dust suppressant). The PAMT will continue to observe PM concentrations on the
real-time monitoring equipment at that location for five minutes to determine if there
is a decrease in concentration.

3. If the perimeter PM concentration is sustained above 1.5 mg/m’ for an additional five
minute period after the use of dust control measures intrusive activities shall cease.
Real-time monitoring at the perimeter and PM emissions control will continue until
the alarm condition is no longer present. Work procedures will be re-evaluated to
lessen dust emissions, and if applicable, work procedures will be updated.

4.3 INSTRUMENTATION

The following monitoring and sampling instruments will be utilized by the PAMT to
conduct perimeter air monitoring:

Field screening (real-time) monitoring equipment:

e PIDs with data-logging capabilities will be used to monitor the levels of total VOCs.
PIDs are able to measure the concentration of total VOCs within the ambient air, but
are unable to detect specific compounds.

e Particulate meters (i.e., TSI Dust Trak 8520 or equivalent) will be used to detect
concentrations of particulate matter (PM). All particulate meters utilized for

perimeter air monitoring will have data logging capabilities.

e A weather station will be used to monitor wind direction and wind speed.
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Confirmatory sampling equipment:

e An air sampling pump and membrane filter media will be used to sample for metals,
in accordance with Method 7301 (see Appendix E).
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5. QUALITY ASSURANCE

5.1 CALIBRATION

All instruments will be calibrated in accordance with the manufacturer’s specifications at
the start of each work day. Instrument calibration will be documented on calibration
sheets and log book. At the end of the work day, a calibration check may be performed to
confirm instrument accuracy.

5.2 OPERATIONS

All instruments will be operated in accordance with the manufacturer’s specifications.
The PAMT will maintain maufacturer’s literature, including an operations manual, for
each piece of monitoring equipment on site.

5.3 LABORATORY QUALITY CONTROL

Laboratory QA/QC will be in accordance with the method requirements. Sample
collection, holding times, calibration procedure, and handling times will be in accordance
with “The Compendum of Methods for the determination of Toxic Organic Compounds
in the Ambient Air” USEPS Document No. EPA/600/4-89/017, and the requirements of
the appropriate method.

54 DOCUMENTATION

Each real-time monitoring staion will be inspected by the PAMT and the readings
recorded at approximately hourly intervals. In addition, any alarms and subsequent
source evaluatrions and corrective measures will also be documented. In addition to the
above, the daily logs will include a general description of site activities, a detailed
description of site activites during an alarm or exceedance and potential source of alarms.
The datalogged information from the PIDs and dust monitors will be downloaded at the
end of each work day.

L:\20076.023.048 SW Sheetpile Instailatiod\AMP\PAMP_2012_Revised Final_3-22-12.docx
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Backup Calculations - Acceptable Air Concentration and Action Levels for
Sherwin-Williams Newark Sheet Piling

The Acceptable Air Concentration (AAC) and Action Level (AL) values shown below, as developed for
Sherwin-Williams Newark sheet piling activities, were calculated using site-specific numerical inputs
based upon work duration, projected schedule of intrusive activities, maximum soil concentrations for
work area contaminants, and relative proximity of residential populations.

1. A non-carcinogenic endpoint (non-chronic) equation was used to determine the action level for
total volatile organic compounds (VOC) as follows:

Total VOC Action Level =

non-chronic RfC (ug/m3)

(8hr/24 hr) x (90 days/ 365 days)

= ug/m3=____ ppm
NJDEP Calculated Caiculated
Reference Compound-Specific | Compound-Specific
Concentration | Action Level (using | Action Level (using
{(inhalation) above formula) above formuia)
VOC Compound [ug/m3] [ug/m3] [ppm]
BENZENE 1300 15832.5 4.98
CARBON DISULFIDE 6200 75508.84 24.28
No limit
CHLOROBENZENE established --
CHLOROFORM 150 1826.827 0.37
ETHYLBENZENE 1000 12178.85 2.80
STYRENE 21000 255755.8 60.04
TETRACHLOROETHENE 20000 243576.9 35.93
TOLUENE 37000 450617.3 119.52
No limit
TRICHLOROETHENE established --
XYLENES (TOTAL) 22000 267934.6 61.74




2. The following equation was utilized to develop an action level for particulates, based upon the
actual concentration of metals in soils:

Particulate Action Level = 1,000,000 X Exposure limit
soil concentration ( 95% UCL) x safety factor

1,000,000  x XX mg/m®
YY mg/kg x 4

mg/m?

XX = published exposure limit
YY = maximum contaminant concentration in sheet piling work area

This equation assumes a safety factor of 4, a maximum soil concentration in mg/kg for each
metal contaminant, and the most conservative published exposure limit (based upon a
comparison of OSHA, NIOSH and ACGIH TLV values).

Caiculated
Action Level
Maximum Soil Exposure | Using Safety

Particulate Concentration Limit Factor of 4

Compound and Units (mg/m3) {mg/m3)

ALUMINUM 12100 | MG/KG 5 103.31
ANTIMONY 150 MG/KG 0.05 B335
ARSENIC 352 MG/KG 0.01 7.10
BARIUM 399 MG/KG 0.5 313.28
BERYLLIUM 69 | MG/KG| 0.002 72.46
CADMIUM 88.8 MG/KG 0.002 5.63
CHROMIUM 491 MG/KG 0.5 254.58
LEAD 8320 | MG/KG 0.05 1.50
MERCURY 27.7 MG/KG 0.025 225.63

Based upon the site-specific soil data and calculated action levels, lead was utilized for
establishment of the site-specific action level for particulates.



3. The non-carcinogenic AAC for each metal compound was calculated as follows:

AAC = RfC x AT
ET x EF x ED
= RFC (ug/m?) X 1year
(8/24) x (90/365) x1year
= XX ug/m*
Where:

RfC = Non-carcinogenic Reference Concentration

AT = Averaging Time = 1 year

ET = Exposure Time = work shift length (hours/24 hours) = 8/24

EF = Exposure Frequency = length of sheet piling activities (90 days/365 days)
ED = Exposure Duration = 1 year

ug/m®= micrograms per cubic meter of air

NJDEP Reference Concentrations (inhalation) were obtained from
http://www.nj.gov//dep/aqpp/downloads/risk/Acute2011.pdf

NJDEP Calculated
Reference AAC Using
Concentration Above

(inhalation) Formula

Compound [ug/m3] (ug/m3)
ARSENIC 0.2 Laales
BARIUM 0.5 LY
CHROMIUM 0.1 1.217885
LEAD 0.1 1.217885
MERCURY 0.6 yEATEl]
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PROTOCOL FOR MANAGING ON-SITE ODORS

Control of odors and odor suppression is a key issue during the excavation of
contaminated soils. Unfortunately, although there are several methods available to help
control and suppress odors, it is impossible to prevent all odors from leaving the project
exclusion zone and impacting the surrounding community.

The Contractor employees performing the excavation activities have been directed to
aggressively control odors. Odor suppression measures may include the use of foam
suppressant, plastic or tarps or applying a clean fill cover. They have been directed to
utilize any or all of these measures when odors are present, being more aware when
excavating at or near the site perimeter. In the event that these measures fail to be
successful, excavation activities will be terminated and the situation will be re-evaluated.

To assess the odor impact on the community, ensure the effectiveness of the odor control,
and to assist the work crew in “gauging” their on-site odor suppression actions, the
following protocol has been developed:

Two individuals will be responsible for assessing the effectiveness of odor control being
conducted at the Site. Those individuals are the Weston Site Superintendent and the
Weston Air Monitoring Technician. These individuals may be replaced as necessary
depending on personnel availability.

When the opportunity exists (i.e., when steady,, discernable odors begin to be emitted
from excavation activities) an “odor assessment” will be conducted by the two
individuals. The baseline assessment will consist of a tour of the surrounding
neighborhood. It may require several of these tours to create an agreed upon odor profile.
The focus will be the closest receptors to the Project Site. The objective is to classify the
intensity of the odors and assess the impact on the community. :

Odors can be classified into four (0, 1, 2, or 3) as agreed upon by the two individuals:

A “0” condition means that there are odorous excavations on the site but there is no
impact to the community. Odor is not detectable off-site or very minimal and very
infrequent. '

A “1” designation indicates that off-site odors are present but the odors aren’t strong,
odors are not steady, there is minimal impact to the community, and/or odors are
unnoticed by the community. This is an indication odor control measures at the Site are
adequate and activities may proceed.

A “2” designation indicates that odors are stronger than a “1” and relatively steady in one
area. The community isn’t necessarily aware of the odors but is agreed upon by two of
the individuals that it is inevitable and odor controls must be increased (increase foam,



PROTOCOL FOR DETECTING AND MANAGING OFF-SITE ODOR IMPACTS
DURING CONTAMINATED SOIL EXCAVATION and SHEETPILING ACTIVITIES

INSPECTION FORM

Inspection date and time:

Inspector name and title:

Wind direction and speed:

Project Activities:

Receptor Odor Classification (0, 1, 2, 3)

Support Zone (Weston)

Support Zone (Morris)

Northern Site Boundary

Southern Site Gates
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METHOD TO-15

Determination of Volatile Organic Compounds (VOCs) In Air Collected In
Specially-Prepared Canisters And Analyzed By Gas Chromatography/
Mass Spectrometry (GC/MS)

1. Scope

1.1 This method documents sampling and anatytical procedures for the measurement of subsets of the 97 volatile
organic compounds (VOCs) that are included in the 189 hazardous air pollutants (HAPs) listed in Title III of the
Clean Air Act Amendments of 1990. VOCs are defined here as organic compounds having a vapor pressure
greater than 10" Torr at 25°C and 760 mm Hg. Table 1 is the list of the target VOCs along with their CAS
number, boiling point, vapor pressure and an indication of their membership in both the list of VOCs covered
by Compendium Method TO-14A (1) and the list of VOCs in EPA's Contract Laboratory Program (CLP)
document entitled: Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites (2).

Many of these compounds have been tested for stability in concentration when stored in specially-prepared
canisters (see Section 8) under conditions typical of those encountered in routine ambient air analysis. The
stability of these compounds under all possible conditions is not known. However, a model to predict compound
losses due to physical adsorption of VOCs on canister walls and to dissolution of VOCs in water condensed in
the canisters has been developed (3). Losses due to physical adsorption require only the establishment of
equilibrium between the condensed and gas phases and are generally considered short term losses, (i.e., losses
occurring over minutes to hours). Losses due to chemical reactions of the VOCs with cocollected ozone or other
gas phase species also account for some short term losses. Chemical reactions between VOCs and substances
inside the canister are generally assumed to cause the gradual decrease of concentration over time (i.e., long term
losses over days to weeks). Loss mechanisms such as aqueous hydrolysis and biological degradation (4) also
exist. No models are currently known to be available to estimate and characterize all these potential losses,
although a number of experimental observations are referenced in Section 8. Some of the VOCs listed in Title
III have short atmospheric lifetimes and may not be present except near sources.

1.2 This method applies to ambient concentrations.of VOCs above 0.5 ppbv and typically requires VOC
enrichment by concentrating up to one liter of a sample volume. The VOC concentration range for ambient air
in many cases includes the concentration at which continuous exposure over a lifetime is estimated to constitute
a 10 or higher lifetime risk of developing cancer in humans. Under circumstances in which many hazardous
VOCs are present at 107 risk concentrations, the total risk may be significantly greater.

1.3 This method applies under most conditions encountered in sampling of ambient air into canisters. However,
the composition of a gas mixture in a canister, under unique or unusual conditions, will change so that the sample
is known not to be a true representation of the ambient air from which it was taken. For example, low humidity
conditions in the sample may lead to losses of certain VOCs on the canister walls, losses that would not happen
if the humidity were higher. If the canister is pressurized, then condensation of water from high humidity samples
may cause fractional losses of water-soluble compounds. Since the canister surface area is limited, all gases are
in competition for the available active sites. Hence an absolute storage stability cannot be assigned to a specific
gas. Fortunately, under conditions of normal usage for sampling ambient air, most VOCs can be recovered from
canisters near their original concentrations after storage times of up to thirty days (see Section 8).

1.4 Use of the Compendium Method TO-15 for many of the VOCs listed in Table 1 is likely to present two
difficulties: (1) what calibration standard to use for establishing a basis for testing and quantitation, and (2) how
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to obtain an audit standard. In certain cases a chemical similarity exists between a thoroughly tested compound
and others on the Title Il list. In this case, what works for one is likely to work for the other in terms of making
standards. However, this is not always the case and some compound standards will be troublesome. The reader
is referred to the Section 9.2 on standards for guidance. Calibration of compounds such as formaldehyde,
diazomethane, and many of the others represents a challenge.

1.5 Compendium Method TO-15 should be considered for use when a subset of the 97 Title III VOCs constitute
the target list. Typical situations involve ambient air testing associated with the permitting procedures for
emission sources. In this case sampling and analysis of VOCs is performed to determine the impact of dispersing
source emissions in the surrounding areas. Other important applications are prevalence and trend monitoring for
hazardous VOCs in urban areas and risk assessments downwind of industrialized or source-impacted areas.

1.6 Solid adsorbents can be used in lieu of canisters for sampling of VOCs, provided the solid adsorbent
packings, usually multisorbent packings in metal or glass tubes, can meet the performance criteria specified in
Compendium Method TO-17 which specifically addresses the use of multisorbent packings. The two sample
collection techniques are different but become the same upon movement of the sample from the collection
medium (canister or multisorbent tubes) onto the sample concentrator. Sample collection directly from the
atmosphere by automated gas chromatographs can be used in lieu of collection in canisters or on solid adsorbents.

2. Summary of Method

2.1 The atmosphere is sampled by introduction of air into a specially-prepared stainless steel canister. Both
subatmospheric pressure and pressurized sampling modes use an initially evacuated canister. A pump ventilated
sampling line is used during sample collection with most commercially available samplers. Pressurized sampling
requires an additional pump to provide positive pressure to the sample canister. A sample of air is drawn through
a sampling train comprised of components that regulate the rate and duration of sampling into the pre-evacuated
and passivated canister.

2.2 After the air sample is collected, the canister valve is closed, an identification tag is attached to the canister,
and the canister is transported to the laboratory for analysis.

2.3 Upon receipt at the laboratory, the canister tag data is recorded and the canister is stored until analysis.
Storage times of up to thirty days have been demonstrated for many of the VOCs (5).

2.4 To analyze the sample, a known volume of sample is directed from the canister through a solid multisorbent
concentrator. A portion of the water vapor in the sample breaks through the concentrator during sampling, to a
degree depending on the multisorbent composition, duration of sampling, and other factors. Water content of
the sample can be further reduced by dry purging the concentrator with helium while retaining target compounds.
After the concentration and drying steps are completed, the VOCs are thermally desorbed, entrained in a carrier
gas stream, and then focused in a small volume by trapping on a reduced temperature trap or small volume
multisorbent trap. The sample is then released by thermal desorption and carried onto a gas chromatographic
column for separation.

As a simple alternative to the multisorbent/dry purge water management technique, the amount of water vapor
in the sample can be reduced below any threshold for affecting the proper operation of the analytical system by
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reducing the sample size. For example, a small sample can be concentrated on a cold trap and released directly
to the gas chromatographic column. The reduction in sample volume may require an enhancement of detector
sensitivity.

Other water management approaches are also acceptable as long as their use does not compromise the attainment
of the performance criteria listed in Section 11. A listing of some commercial water management systems is
provided in Appendix A. One of the alternative ways to dry the sample is to separate VOCs from condensate
on a low temperature trap by heating and purging the trap.

2.5 The analytical strategy for Compendium Method TO-15 involves using a high resolution gas chromatograph
(GC) coupled to a mass spectrometer. If the mass spectrometer is a linear quadrupole system, it is operated either
by continuously scanning a wide range of mass to charge ratios (SCAN mode) or by monitoring select ion
monitoring mode (SIM) of compounds on the target list. If the mass spectrometer is based on a standard ion trap
design, only a scanning mode is used (note however, that the Selected Ion Storage (SIS) mode for the ion trap has
features of the SIM mode). Mass spectra for individual peaks in the total ion chromatogram are examined with
respect to the fragmentation pattern of ions corresponding to various VOCs including the intensity of primary
and secondary ions. The fragmentation pattern is compared with stored spectra taken under similar conditions,
in order to identify the compound. For any given compound, the intensity of the primary fragment is compared
with the system response to the primary fragment for known amounts of the compound. This establishes the
compound concentration that exists in the sample.

Mass spectrometry is considered a more definitive identification technique than single specific detectors such as
flame ionization detector (FID), electron capture detector (ECD), photoionization detector (PID), or a
multidetector arrangement of these (see discussion in Compendium Method TO-14A). The use of both gas
chromatographic retention time and the generally unique mass fragmentation patterns reduce the chances for
misidentification. If the technique is supported by a comprehensive mass spectral database and a knowledgeable
operator, then the correct identification and quantification of VOCs is further enhanced.

3. Significance

3.1 Compendium Method TO-15 is significant in that it extends the Compendium Method TO-14A description
for using canister-based sampling and gas chromatographic analysis in the following ways:

» Compendium Method TO-15 incorporates a multisorbent/dry purge technique or equivalent (see Appendix
A) for water management thereby addressing a more extensive set of compounds (the VOCs mentioned
in Title III of the CAAA of 1990) than addressed by Compendium Method TO-14A. Compendium
Method TO-14A approach to water management alters the structure or reduces the sample stream
concentration of some VOCs, especially water-soluble VOCs.

+ Compendium Method TO-15 uses the GC/MS technique as the only means to identify and quantitate target
compounds. The GC/MS approach provides a more scientifically-defensible detection scheme which is
generally more desirable than the use of single or even multiple specific detectors.

* In addition, Compendium Method TO-15 establishes method performance criteria for acceptance of data,
allowing the use of alternate but equivalent sampling and analytical equipment. There are several new and
viable commercial approaches for water management as noted in Appendix A of this method on which to
base a VOC monitoring technique as well as other approaches to sampling (i.e., autoGCs and solid
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adsorbents) that are often used. This method lists performance criteria that these alternatives must meet
to be acceptable alternatives for monitoring ambient VOCs.

¢ Finally, Compendium Method TO-15 includes enhanced provisions for inherent quality control. The
method uses internal analytical standards and frequent verification of analytical system performance to
assure control of the analytical system. This more formal and better documented approach to quality
control guarantees a higher percentage of good data.

3.2 With these features, Compendium Method TO-15 is a more general yet better defined method for VOCs than
Compendium Method TO-14A. As such, the method can be applied with a higher confidence to reduce the
uncertainty in risk assessments in environments where the hazardous volatile gases listed in the Title III of the
Clean Air Act Amendments of 1990 are being monitored. An emphasis on risk assessments for human health
and effects on the ecology is a current goal for the U.S. EPA.

4. Applicable Documents

4.1 ASTM Standards

Method D1356 Definitions of Terms Relating to Atmospheric Sampling and Analysis.

* Method E260 Recommended Practice for General Gas Chromatography Procedures.

Method E355 Practice for Gas Chromatography Terms and Relationships.

Method D5466 Standard Test Method of Determination of Volatile Organic Compounds in
Atmospheres (Canister Sampling Methodology).

4.2 EPA Documents

* Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II, U. S. Environmental
Protection Agency, EPA-600/R-94-038b, May 1994.

* Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA-600/4-83-027, June 1983.

* Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: Method
TO-14, Second Supplement, U. S. Environmental Protection Agency, EPA-600/4-89-018, March 1989.

* Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites, U. S. Environmental
Protection Agency, Office of Solid Waste, Washington, D.C., Draft Report, June 1990.

* Clean Air Act Amendments of 1990, U. S. Congress, Washington, D.C., November 1990.

5. Definitions

[Note: Definitions used in this document and any user-prepared standard operating procedures (SOPs)
should be consistent with ASTM Methods D1356, E260, and E355. Aside from the definitions given below,
all pertinent abbreviations and symbols are defined within this document at point of use.]

5.1 Gauge Pressure—pressure measured with reference to the surrounding atmospheric pressure, usually
expressed in units of kPa or psi. Zero gauge pressure is equal to atmospheric (barometric) pressure.
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5.2 Absolute Pressure—pressure measured with reference to absolute zero pressure, usually expressed in units
of kPa, or psi.

5.3 Cryogen—a refrigerant used to obtain sub-ambient temperatures in the VOC concentrator and/or on front
of the analytical column. Typical cryogens are liquid nitrogen (bp -195.8°C), liquid argon (bp -185.7°C), and
liquid CO, (bp -79.5°C).

5.4 Dynamic Calibration—calibration of an analytical system using calibration gas standard concentrations
in a form identical or very similar to the samples to be analyzed and by introducing such standards into the inlet
of the sampling or analytical system from a manifold through which the gas standards are flowing,

5.5 Dynamic Dilution—means of preparing calibration mixtures in which standard gas(es) from pressurized
cylinders are continuously blended with humidified zero air in a manifold so that a flowing stream of calibration
mixture is available at the inlet of the analytical system.

5.6 MS-SCAN—mass spectrometric mode of operation in which the gas chromatograph (GC) is coupled to a
mass spectrometer (MS) programmed to SCAN all ions repeatedly over a specified mass range.

5.7 MS-SIM—mass spectrometric mode of operation in which the GC is coupled to a MS that is programmed
to scan a selected number of ions repeatedly [i.e., selected ion monitoring (SIM) mode].

5.8 Qualitative Accuracy—the degree of measurement accuracy required to correctly identify compounds with
an analytical system.

5.9 Quantitative Accuracy—the degree of measurement accuracy required to correctly measure the
concentration of an identified compound with an analytical system with known uncertainty.

5.10 Replicate Precision—precision determined from two canisters filled from the same air mass over the same
time period and determined as the absolute value of the difference between the analyses of canisters divided by
their average value and expressed as a percentage (see Section 11 for performance criteria for replicate precision).

5.11 Duplicate Precision—precision determined from the analysis of two samples taken from the same canister.
The duplicate precision is determined as the absolute value of the difference between the canister analyses divided
by their average value and expressed as a percentage.

5.12 Audit Accuracy—the difference between the analysis of a sample provided in an audit canister and the
nominal value as determined by the audit authority, divided by the audit value and expressed as a percentage (see
Section 11 for performance criteria for audit accuracy).

6. Interferences and Contamination

6.1 Very volatile compounds, such as chloromethane and vinyl chloride can display peak broadening and
co-elution with other species if the compounds are not delivered to the GC column in a small volume of carrier
gas. Refocusing of the sample after collection on the primary trap, either on a separate focusing trap or at the
head of the gas chromatographic column, mitigates this problem.
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6.2 Interferences in canister samples may result from improper use or from contamination of: (1) the canisters_
due to poor manufacturing practices, (2) the canister cleaning apparatus, and (3) the sampling or analytical
system. Attention to the following details will help to minimize the possibility of contamination of canisters.

6.2.1 Canisters should be manufactured using high quality welding and cleaning techniques, and new
canisters should be filled with humidified zero air and then analyzed, after “aging” for 24 hours, to determine
cleanliness. The cleaning apparatus, sampling system, and analytical system should be assembled of clean, high
quality components and each system should be shown to be free of contamination.

6.2.2 Canisters should be stored in a contaminant-free location and should be capped tightly during shipment
to prevent leakage and minimize any compromise of the sample.

6.2.3 Impurities in the calibration dilution gas (if applicable) and carrier gas, organic compounds out-gassing
from the system components ahead of the trap, and solvent vapors in the laboratory account for the majority of
contamination problems. The analytical system must be demonstrated to be free from contamination under the
conditions of the analysis by running humidified zero air blanks. The use of non-chromatographic grade stainless
steel tubing, non-PTFE thread sealants, or flow controllers with Buna-N rubber components must be avoided.

6.2.4 Significant contamination of the analytical equipment can occur whenever samples containing high
VOC concentrations are analyzed. This in turn can result in carryover contamination in subsequent analyses.
Whenever a high concentration (>25 ppbv of a trace species) sample is encountered, it should be followed by
an analysis of humid zero air to check for carry-over contamination.

6.2.5 In cases when solid sorbents are used to concentrate the sample prior to analysis, the sorbents should
be tested to identify artifact formation (see Compendium Method TO-17 for more information on artifacts).

7. Apparatus and Reagents

[Note: Compendium Method To-14A list more specific requirements for sampling and analysis apparatus
which may be of help in identifying options. The listings below are generic.]

7.1 Sampling Apparatus

[Note: Subatmospheric pressure and pressurized canister sampling systems are commercially available and
have been used as part of U.S. Environmental Protection Agency's Toxic Air Monitoring Stations (TAMS),
Urban Air Toxic Monitoring Program (UATMP), the non-methane organic compound (NMOC) sampling and
analysis program, and the Photochemical Assessment Monitoring Stations (PAMS).]

7.1.1 Subatmospheric Pressure (see Figure 1, without metal bellows type pump).

7.1.1.1 Sampling Inlet Line. Stainless steel tubing to connect the sampler to the sample inlet.

7.1.1.2 Sample Canister. Leak-free stainless steel pressure vessels of desired volume (e.g., 6 L), with
valve and specially prepared interior surfaces (see Appendix B for a listing of known manufacturers/resellers of
canisters).

7.1.1.3 Stainless Steel Vacuum/Pressure Gauges. Two types are required, one capable of measuring
vacuum (—100 to 0 kPa or 0 to - 30 in Hg) and pressure (0206 kPa or 0-30 psig) in the sampling system and
a second type (for checking the vacuum of canisters during cleaning) capable of measuring at 0.05 mm Hg (see
Appendix B) within 20%. Gauges should be tested clean and leak tight.

7.1.1.4 Electronic Mass Flow Controller. Capable of maintaining a constant flow rate (+ 10%) over
a sampling period of up to 24 hours and under conditions of changing temperature (20-40°C) and humidity.

7.1.1.5 Particulate Matter Filter. 2-.m sintered stainless steel in-line filter.
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7.1.1.6 Electronic Timer. For unattended sample collection.

7.1.1.7 Solenoid Valve. Electrically-operated, bi-stable solenoid valve with Viton® seat and O-rings. A
Skinner Magnelatch valve is used for purposes of illustration in the text (see Figure 2).

7.1.1.8 Chromatographic Grade Stainless Steel Tubing and Fittings. For interconnections. All such
materials in contact with sample, analyte, and support gases prior to analysis should be chromatographic grade
stainless steel or equivalent.

7.1.1.9 Thermostatically Controlled Heater. To maintain above ambient temperature inside insulated
sampler enclosure.

7.1.1.10 Heater Thermostat. Automatically regulates heater temperature.

7.1.1.11 Fan. For cooling sampling system.

7.1.1.12 Fan Thermostat. Automatically regulates fan operation.

7.1.1.13 Maximum-Minimum Thermometer. Records highest and lowest temperatures during sampling
period.

7.1.1.14 Stainless Steel Shut-off Valve. Leak free, for vacuum/pressure gauge.

7.1.1.15 Auxiliary Vacuum Pump. Continuously draws air through the inlet manifold at 10 L/min. or
higher flow rate. Sample is extracted from the manifold at a lower rate, and excess air is exhausted.

[Note: The use of higher inlet flow rates dilutes any contamination present in the inlet and reduces the
possibility of sample contamination as a result of contact with active adsorption sites on inlet walls.]

7.1.1.16 Elapsed Time Meter. Measures duration of sampling.
7.1.1.17 Optional Fixed Orifice, Capillary, or Adjustable Micrometering Valve. May be used in lieu
of the electronic flow controller for grab samples or short duration time-integrated samples. Usually appropriate
only in situations where screening samples are taken to assess future sampling activity.
7.1.2 Pressurized (see Figure 1 with metal bellows type pump and Figure 3).
7.1.2.1 Sample Pump. Stainless steel, metal bellows type, capable of 2 atmospheres output pressure.
Pump must be free of leaks, clean, and uncontaminated by oil or organic compounds.

[Note: An alternative sampling system has been developed by Dr. R. Rasmussen, The Oregon Graduate
Institute of Science and Technology, 20000 N.W. Walker Rd., Beaverton, Oregon 97006, 503-690-1077, and
is illustrated in Figure 3. This flow system uses, in order, a pump, a mechanical flow regulator, and a
mechanical compensation flow restrictive device. In this configuration the pump is purged with a large
sample flow, thereby eliminating the need for an auxiliary vacuum pump to flush the sample inlet.]

7.1.2.2 Other Supporting Materials. All other components of the pressurized sampling system are
similar to components discussed in Sections 7.1.1.1 through 7.1.1.17.

7.2 Analytical Apparatus

7.2.1 Sampling/Concentrator System (many commercial alternatives are available).

7.2.1.1 Electronic Mass Flow Controllers. Used to maintain constant flow (for purge gas, carrier gas
and sample gas) and to provide an analog output to monitor flow anomalies.

7.2.1.2 Vacuum Pump. General purpose laboratory pump, capable of reducing the downstream pressure
of the flow controller to provide the pressure differential necessary to maintain controlled flow rates of sample
air.

7.2.1.3 Stainless Steel Tubing and Stainless Steel Fittings. Coated with fused silica to minimize active
adsorption sites.
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7.2.1.4 Stainless Steel Cylinder Pressure Regulators. Standard, two-stage cylinder regulators with
- pressure gauges.

7.2.1.5 Gas Purifiers. Used to remove organic impurities and moisture from gas streams.

7.2.1.6 Six-port Gas Chromatographic Valve. For routing sample and carrier gas flows.

7.2.1.7 Multisorbent Concentrator. Solid adsorbent packing with various retentive properties for
adsorbing trace gases are commercially available from several sources. The packing contains more than one type
of adsorbent packed in series.

7.2.1.7.1A pre-packed adsorbent trap (Supelco 2-0321) containing 200 mg Carbopack B (60/80 mesh)
and 50 mg Carbosieve S-III (60/80 mesh) has been found to retain VOCs and allow some water vapor to pass
through (6). The addition of a dry purging step allows for further water removal from the adsorbent trap. The
steps constituting the dry purge technique that are normally used with multisorbent traps are illustrated in
Figure 4. The optimum trapping and dry purging procedure for the Supelco trap consists of a sample volume of
320 mL and a dry nitrogen purge of 1300 mL. Sample trapping and drying is carried out at 25°C. The trap is
back-flushed with helium and heated to 220°C to transfer material onto the GC column. A trap bake-oyt at
260°C for 5 minutes is conducted after each run.

7.2.1.7.2An example of the effectiveness of dry purging is shown in Figure 5. The multisorbent used in
this case is Tenax/Ambersorb 340/Charcoal (7). Approximately 20% of the initial water content in the sample
remains after sampling 500 mL of air. The detector response to water vapor (hydrogen atoms detected by atomic
emission detection) is plotted versus purge gas volume. Additional water reduction by a factor of 8 is indicated
at temperatures of 45°C or higher. Still further water reduction is possible using a two-stage concentration/dryer
system.

7.2.1.8 Cryogenic Concentrator. Complete units are commercially available from several vendor
sources. The characteristics of the latest concentrators include a rapid, "ballistic” heating of the concentrator to
release any trapped VOCs into a small carrier gas volume. This facilitates the separation of compounds on the
gas chromatographic column.

7.2.2 Gas Chromatographic/Mass Spectrometric (GC/MS) System.

7.2.2.1 Gas Chromatograph. The gas chromatographic (GC) system must be capable of temperature
programming. The column oven can be cooled to subambient temperature (e.g., -50°C) at the start of the gas
chromatographic run to effect a resolution of the very volatile organic compounds. In other designs, the rate of
release of compounds from the focusing trap in a two stage system obviates the need for retrapping of compounds
on the column. The system must include or be interfaced to a concentrator and have all required accessories
including analytical columns and gases. All GC carrier gas lines must be constructed from stainless steel or
copper tubing. Non-polytetrafluoroethylene (PTFE) thread sealants or flow controllers with Buna-N rubber
components must not be used.

7.2.2.2 Chromatographic Columns. 100% methyl silicone or 5% phenyl, 95% methyl silicone fused
silica capillary columns of 0.25- to 0.53-mm L.D. of varying lengths are recommended for separation of many
of the possible subsets of target compounds involving nonpolar compounds. However, considering the diversity
of the target list, the choice is left to the operator subject to the performance standards given in Section 11.

7.2.2.3 Mass Spectrometer. Either a linear quadrupole or ion trap mass spectrometer can be used as long
as it is capable of scanning from 35 to 300 amu every 1 second or less, utilizing 70 volts (nominal) electron
energy in the electron impact ionization mode, and producing a mass spectrum which meets all the instrument
performance acceptance criteria when 50 ng or less of p-bromofluorobenzene (BFB) is analyzed.

7.2.2.3.1Linear Quadrupole Technology. A simplified diagram of the heart of the quadrupole mass
spectrometer is shown in Figure 6. The quadrupole consists of a parallel set of four rod electrodes mounted in
a square configuration. The field within the analyzer is created by coupling opposite pairs of rods together and
applying radiofrequency (RF) and direct current (DC) potentials between the pairs of rods. Ions created in the
ion source from the reaction of column eluates with electrons from the electron source are moved through the
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parallel array of rods under the influence of the generated field. Ions which are successfully transmitted through
the quadrupole are said to possess stable trajectories and are subsequently recorded with the detection system.
When the DC potential is zero, a wide band of m/z values is transmitted through the quadrupole. This "RF only"
mode is referred to as the "total-ion" mode. In this mode, the quadrupole acts as a strong focusing lens analogous
to a high pass filter. The amplitude of the RF determines the low mass cutoff. A mass spectrum is generated by
scanning the DC and RF voltages using a fixed DC/RF ratio and a constant drive frequency or by scanning the
frequency and holding the DC and RF constant. With the quadrupole system only 0.1 to 0.2 percent of the ions
formed in the ion source actually reach the detector.

7.2.2.3.21on Trap Technology. An ion-trap mass spectrometer consists of a chamber formed between
two metal surfaces in the shape of a hyperboloid of one sheet (ring electrode) and a hyperboloid of two sheets
(the two end-cap electrodes). Ions are created within the chamber by electron impact from an electron beam
admitted through a small aperture in one of the end caps. Radio frequency (RF) (and sometimes direct current
voltage offsets) are applied between the ring electrode and the two end-cap electrodes establishing a quadrupole
electric field. This field is uncoupled in three directions so that ion motion can be considered independently in
each direction; the force acting upon an ion increases with the displacement of the ion from the center of the field
but the direction of the force depends on the instantaneous voltage applied to the ring electrode. A restoring force
along one coordinate (such as the distance, r, from the ion-trap's axis of radial symmetry) will exist concurrently
with a repelling force along another coordinate (such as the distance, z, along the ion traps axis), and if the field
were static the ions would eventually strike an electrode. However, in an RF field the force along each coordinate
alternates direction so that a stable trajectory may be possible in which the ions do not strike a surface. In
practice, ions of appropriate mass-to-charge ratios may be trapped within the device for periods of milliseconds
to hours. A diagram of a typical ion trap is illustrated in Figure 7. Analysis of stored ions is performed by
increasing the RF voltage, which makes the ions successively unstable. The effect of the RF voltage on the ring
electrode is to "squeeze” the ions in the xy plane so that they move along the z axis. Half the ions are lost to the
top cap (held at ground potential); the remaining ions exit the lower end cap to be detected by the electron
multiplier. As the energy applied to the ring electrode is increased, the ions are collected in order of increasing
mass to produce a conventional mass spectrum. With the ion trap, approximately 50 percent of the generated
ions are detected. As a result, a significant increase in sensitivity can be achiéved when compared to a full scan
linear quadrupole system.

7.2.24 GC/MS Interface. Any gas chromatograph to mass spectrometer interface that gives acceptable
calibration points for each of the analytes of interest and can be used to achieve all acceptable performance
criteria may be used. Gas chromatograph to mass spectrometer interfaces constructed of all-glass, glass-lined,
or fused silica-lined materials are recommended. Glass and fused silica should be deactivated.

7.2.2.5 Data System. The computer system that is interfaced to the mass spectrometer must allow the
continuous acquisition and storage, on machine readable media, of all mass spectra obtained throughout the
duration of the chromatographic program. The computer must have software that allows searching any GC/MS
data file for ions of a specified mass and plotting such ion abundances versus time or scan number. This type
of plot is defined as a Selected Ion Current Profile (SICP). Sofiware must also be available that allows integrat-
ing the abundance in any SICP between specified time or scan number limits. Also, software must be available
that allows for the comparison of sample spectra with reference library spectra. The National Institute of
Standards and Technology (NIST) or Wiley Libraries or equivalent are recommended as reference libraries.

*7.2.2.6 Off-line Data Storage Device. Device must be capable of rapid recording and retrieval of data
and must be suitable for long-term, off-line data storage.
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7.3 Calibration System and Manifold Apparatus (see Figure 8)

7.3.1 Calibration Manifold. Stainless steel, glass, or high purity quartz manifold, (e.g.,1.25-cm LD. x
66-cm) with sampling ports and internal baffles for flow disturbance to ensure proper mixing. The manifold
should be heated to ~50°C.
© 7.3.2 Humidifier. 500-mL impinger flask containing HPLC grade deionized water.

7.3.3 Electronic Mass Flow Controllers. One 0 to 5 L/min unit and one or more 0 to 100 mL/min units
for air, depending on number of cylinders in use for calibration.

7.3.4 Teflon Filter(s). 47-mm Teflon® filter for particulate collection.

7.4 Reagents

7.4.1 Neat Materials or Manufacturer-Certified Solutions/Mixtures. Best source (see Section 9).

7.4.2 Helium and Air. Ultra-high purity grade in gas cylinders. He is used as carrier gas in the GC.

7.4.3 Liquid Nitrogen or Liquid Carbon Dioxide. Used to cool secondary trap.

7.4.4 Deionized Water. High performance liquid chromatography (HPLC) grade, ultra-high purity (for
humidifier).

8. Collection of Samples in Canisters
8.1 Introduction

8.1.1 Canister samplers, sampling procedures, and canister cleaning procedures have not changed very much
from the description given in the original Compendium Method TO-14. Much of the material in this section is
therefore simply a restatement of the material given in Compendium Method TO-14, repeated here in order to
have all the relevant information in one place.

8.1.2 Recent notable additions to the canister technology has been in the application of canister-based
systems for example, to microenvironmental monitoring (8), the capture of breath samples (9), and sector
sampling to identify emission sources of VOCs (10). '

8.1.3 EPA has also sponsored the development of a mathematical model to predict the storage stability of
arbitrary mixtures of trace gases in humidified air (3), and the investigation of the SilcoSteel™ process of coating
the canister interior with a film of fused silica to reduce surface activity (11). A recent summary of storage
stability data for VOCs in canisters is given in the open literature (5).

8.2 Sampling System Description

8.2.1 Subatmospheric Pressure Sampling [see Figure 1 (without metal bellows type pump)].

8.2.1.1 In preparation for subatmospheric sample collection in a canister, the canister is evacuated to
0.05 mm Hg (see Appendix C for discussion of evacuation pressure). When the canister is opened to the
atmosphere containing the VOCs to be sampled, the differential pressure causes the sample to flow into the
canister. This technique may be used to collect grab samples (duration of 10 to 30 seconds) or time-weighted-
average (TWA) samples (duration of 1-24 hours) taken through a flow-restrictive inlet (e.g., mass flow controller,
critical orifice).

8.2.1.2 With a critical orifice flow restrictor, there will be a decrease in the flow rate as the pressure
approaches atmospheric. However, with a mass flow controller, the subatmospheric sampling system can
maintain a constant flow rate from full vacuum to within about 7 kPa (1.0 psi) or less below ambient pressure.
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8.2.2 Pressurized Sampling [see Figure 1 (with metal bellows type pump)].
8.2.2.1 Pressurized sampling is used when longer-term integrated samples or higher volume samples are
required. The sample is collected in a canister using a pump and flow control arrangement to achieve a typical
101-202 kPa (15-30 psig) final canister pressure. For example, a 6-liter evacuated canister can be filled at 10
mL/min for 24 hours to achieve a final pressure of 144 kPa (21 psig).
8.2.2.2 In pressurized canister sampling, a metal bellows type pump draws in air from the sampling
manifold to fill and pressurize the sample canister.
8.2.3 All Samplers.
8.2.3.1 A flow control device is chosen to maintain a constant flow into the canister over the desired
sample period. This flow rate is determined so the canister is filled (to about 88.1 kPa for subatmospheric
pressure sampling or to about one atmosphere above ambient pressure for pressurized sampling) over the desired
sample period. The flow rate can be calculated by:

£ PxV
T.x 60

where:

F = flow rate, mL/min.
P = final canister pressure, atmospheres absolute. P is approximately equal to

kPa gauge ‘1
101.2

V = volume of the canister, mL.
T = sample period, hours.

For example, if a 6-L canister is to be filled to 202 kPa (2 atmospheres) absolute pressure in 24 hours, the flow
rate can be calculated by:

F -2 X 6000

= = 8.3 mL/min
24 x 60

8.2.3.2 For automatic operation, the timer is designed to start and stop the pump at appropriate times for
the desired sample period. The timer must also control the solenoid valve, to open the valve when starting the
pump and to close the valve when stopping the pump.

8.2.3.3 The use of the Skinner Magnelatch valve (see Figure 2) avoids any substantial temperature rise
that would occur with a conventional, normally closed solenoid valve that would have to be energized during the
entire sample period. The temperature rise in the valve could cause outgassing of organic compounds from the
Viton® valve seat material. The Skinner Magnelatch valve requires only a brief electrical pulse to open or close
at the appropriate start and stop times and therefore experiences no temperature increase. The pulses may be
obtained either with an electronic timer that can be programmed for short (5 to 60 seconds) ON periods, or with
a conventional mechanical timer and a special pulse circuit. A simple electrical pulse circuit for operating the
Skinner Magnelatch solenoid valve with a conventional mechanical timer is illustrated in Figure 2(a). However,
with this simple circuit, the valve may operate unreliably during brief power interruptions or if the timer is
manually switched on and off too fast. A better circuit incorporating a time-delay relay to provide more reliable
valve operation is shown in Figure 2(b).
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8.2.3.4 The connecting lines between the sample inlet and the canister should be as short as possible to
minimize their volume. The flow rate into the canister should remain relatively constant over the entire sampling
period.

8.2.3.5 As an option, a second electronic timer may be used to start the auxiliary pump several hours prior
to the sampling period to flush and condition the inlet line.

. 8.2.3.6 Prior to field use, each sampling system must pass a humid zero air certification (see

Section 8.4.3). All plumbing should be checked carefully for leaks. The canisters must also pass a humid zero
air certification before use (see Section 8.4.1).

8.3 Sampling Procedure

8.3.1 The sample canister should be cleaned and tested according to the procedure in Section 8.4.1.
8.3.2 A sample collection system is assembled as shown in Figures 1 and 3 and must be cleaned according
to the procedure outlined in Sections 8.4.2 and 8.4.4,

[Note: The sampling system should be contained in an appropriate enclosure.]

8.3.3 Prior to locating the sampling system, the user may want to perform "screening analyses" using a
portable GC system, as outlined in Appendix B of Compendium Method TO-14A, to determine potential volatile
organics present and potential "hot spots." The information gathered from the portable GC screening analysis
would be used in developing a monitoring protocol, which includes the sampling system location, based upon the
"screening analysis" results.

8.3.4 After "screening analysis," the sampling system is located. Temperatures of ambient air and sampler
box interior are recorded on the canister sampling field test data sheet (FTDS), as documented in Figure 9.

[Note: The following discussion is related to Figure 1]
8.3.5 To verify correct sample flow, a "practice” (evacuated) canister is used in the sampling system.

[Note: For a subatmospheric sampler, a flow meter and practice canister are needed. For the pump-driven
system, the practice canister is not needed, as the flow can be measured at the outlet of the system.]

A certified mass flow meter is attached to the inlet line of the manifold, just in front of the filter. The canister
is opened. The sampler is turmed on and the reading of the certified mass flow meter is compared to the sampler
mass flow controller. The values should agree within +10%. If not, the sampler mass flow meter needs to be
recalibrated or there is a leak in the system. This should be investigated and corrected.

[Note: Mass flow meter readings may drift. Check the zero reading carefully and add or subtract the zero
reading when reading or adjusting the sampler flow rate to compensate for any zero drift.]

After 2 minutes, the desired canister flow rate is adjusted to the proper value (as indicated by the certified mass
flow meter) by the sampler flow control unit controller (e.g., 3.5 mL/min for 24 hr, 7.0 mL/min for 12 hr).
Record final flow under "CANISTER FLOW RATE" on the FTDS.

8.3.6 The sampler is turned off and the elapsed time meter is reset to 000.0.

[Note: Whenever the sampler is turned.off, wait at least 30 seconds to turn the sampler back on.]
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8.3.7 The "practice” canister and certified mass flow meter are disconnected and a clean certified (see
Section 8.4.1) canister is attached to the system.

8.3.8 The canister valve and vacuum/pressure gauge valve are opened.

8.3.9 Pressure/vacuum in the canister is recorded on the canister FTDS (see Figure 9) as indicated by the
sampler vacuum/pressure gauge.

8.3.10 The vacuum/pressure gauge valve is closed and the maximum-minimum thermometer is reset to
current temperature. Time of day and elapsed time meter readings are recorded on the canister FTDS.

8.3.11 The electronic timer is set to start and stop the sampling period at the appropriate times. Sampling
starts and stops by the programmed electronic timer.

8.3.12 After the desired sampling period, the maximum, minimum, current interior temperature and current
ambient temperature are recorded on the FTDS. The current reading from the flow controller is recorded.

8.3.13 At the end of the sampling period, the vacuum/pressure gauge valve on the sampler is briefly opened
and closed and the pressure/vacuum is recorded on the FTDS. Pressure should be close to desired pressure.

[Note: For a subatmospheric sampling system, if the canister is at atmospheric pressure when the field final
pressure check is performed, the sampling period may be suspect. This information should be noted on the
sampling field data sheet.]

Time of day and elapsed time meter readings are also recorded.

8.3.14 The canister valve is closed. The sampling line is disconnected from the canister and the canister is
removed from the system. For a subatmospheric system, a certified mass flow meter is once again connected to
the inlet manifold in front of the in-line filter and a "practice" canister is attached to the Magnelatch valve of the
sampling system. The final flow rate is recorded on the canister FTDS (see Figure 9).

[Note: For a pressurized system, the final flow may be measured directly.]

The sampler is turned off.

8.3.15 An identification tag is attached to the canister. Canister serial number, sample number, location, and
date, as a minimum, are recorded on the tag. The canister is routinely transported back to the analytical
laboratory with other canisters in a canister shipping case.

8.4 Cleaning and Certification Program

8.4.1 Canister Cleaning and Certification.
8.4.1.1 All canisters must be clean and free of any contaminants before sample collection.
8.4.1.2 All canisters are leak tested by pressurizing them to approximately 206 kPa (30 psig) with zero
air.

[Note: The canister cleaning system in Figure 10 can be used for this task.]

The initial pressure is measured, the canister valve is closed, and the final pressure is checked after 24 hours. If
acceptable, the pressure should not vary more than + 13.8 kPa (+ 2 psig) over the 24 hour period.

8.4.1.3 A canister cleaning system may be assembled as illustrated in Figure 10. Cryogen is added to both
the vacuum pump and zero air supply traps. The canister(s) are connected to the manifold. The vent shut-off
valve and the canister valve(s) are opened to release any remaining pressure in the canister(s). The vacuum pump
is started and the vent shut-off valve is then closed and the vacuum shut-off valve is opened. The canister(s) are
evacuated to <0.05 mm Hg (see Appendix B) for at least 1 hour.
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[Note: On a daily basis or more often if necessary, the cryogenic traps should be purged with zero air to
remove any trapped water from previous canister cleaning cycles.]

Air released/evacuated from canisters should be diverted to a fume hood.

8.4.1.4 The vacuum and vacuum/pressure gauge shut-off valves are closed and the zero air shut-off valve
is opened to pressurize the canister(s) with humid zero air to approximately 206 kPa (30 psig). If a zero gas
generator system is used, the flow rate may need to be limited to maintain the zero air quality.

8.4.1.5 The zero air shut-off valve is closed and the canister(s) is allowed to vent down to atmospheric
pressure through the vent shut-off valve. The vent shut-off valve is closed. Repeat Sections 8.4.1.3 through
8.4.1.5 two additional times for a total of three (3) evacuation/pressurization cycles for each set of canisters.

8.4.1.6 Atthe end of the evacuation/pressurization cycle, the canister is pressurized to 206 kPa (30 psig)
with humid zero air. The canister is then analyzed by a GC/MS analytical system. Any canister that has not
tested clean (compared to direct analysis of humidified zero air of less than 0.2 ppbv of targeted VOCs) should
not be used. As a "blank" check of the canister(s) and cleanup procedure, the final humid zero air fill of 100%
of the canisters is analyzed until the cleanup system and canisters are proven reliable (less than 0.2 ppbv of any
target VOCs). The check can then be reduced to a lower percentage of canisters.

8.4.1.7 The canister is reattached to the cleaning manifold and is then reevacuated to <0.05 mm Hg (see
Appendix B) and remains in this condition until used. The canister valve is closed. The canister is removed from
the cleaning system and the canister connection is capped with a stainless steel fitting. The canister is now ready
for collection of an air sample. An identification tag is attached to the inlet of each canister for field notes and
chain-of-custody purposes. An alternative to evacuating the canister at this point is to store the canisters and
reevacuate them just prior to the next use.

8.4.1.8 As an option to the humid zero air cleaning procedures, the canisters are heated in an isothermal
oven not to exceed 100°C during evacuation of the canister to ensure that higher molecular weight compounds
are not retained on the walls of the canister.

[Note: For sampling more complex VOC mixtures the canisters should be heated to higher temperatures
during the cleaning procedure although a special high temperature valve would be needed].

Once heated, the canisters are evacuated to <0.05 mm Hg (see Appendix B) and maintained there for 1 hour. At
the end of the heated/evacuated cycle, the canisters are pressurized with humid zero air and analyzed by a GC/MS
system after a minimum of 12 hrs of "aging." Any canister that has not tested clean (less than 0.2 ppbv each of
targeted compounds) should not be used. Once tested clean, the canisters are reevacuated to <0.05 mm Hg (see
Appendix B) and remain in the evacuated state until used. As noted in Section 8.4.1.7, reevacuation can occur
just prior to the next use.
8.4.2 Cleaning Sampling System Components.
8.4.2.1 Sample components are disassembled and cleaned before the sampler is assembled. Nonmetallic
parts are rinsed with HPLC grade deionized water and dried in a vacuum oven at 50°C. Typically, stainless steel
parts and fittings are cleaned by placing them in a beaker of methanol in an ultrasonic bath for 15 minutes. This
procedure is repeated with hexane as the solvent.
8.4.2.2 The parts are then rinsed with HPLC grade deionized water and dried in a vacuum oven at 100°C
for 12 to 24 hours.
8.4.2.3 Once the sampler is assembled, the entire system is purged with humid zero air for 24 hours.
8.4.3 Zero Air Certification.
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[Note: In the following sections, "certification" is defined as evaluating the sampling system with humid zero
air and humid calibration gases that pass through all active components of the sampling system. The system
is "certified"” if no significant additions or deletions (less than 0.2 ppbv each of target compounds) have
occurred when challenged with the test gas stream.]

8.4.3.1 The cleanliness of the sampling system is determined by testing the sampler with humid zero air
without an evacuated gas sampling canister, as follows.

8.4.3.2 The calibration system and manifold are assembled, as illustrated in Figure 8. The sampler
(without an evacuated gas canister) is connected to the manifold and the zero air cylinder is activated to generate
a humid gas stream (2 L/min) to the calibration manifold [see Figure 8(b)].

8.4.3.3 The humid zero gas stream passes through the calibration manifold, through the sampling system
(without an evacuated canister) to the water management system/VOC preconcentrator of an analytical system.

[Note: The exit of the sampling system (without the canister) replaces the canister in Figure 11.]

After the sample volume (e.g., 500 mL) is preconcentrated on the trap, the trap is heated and the VOCs are
thermally desorbed and refocussed on a cold trap. This trap is heated and the VOCs are thermally desorbed onto
the head of the capillary column. The VOCs are refocussed prior to gas chromatographic separation. Then, the
oven temperature (programmed) increases and the VOCs begin to elute and are detected by a GC/MS (see
Section 10) system. The analytical system should not detect greater than 0.2 ppbv of any targeted VOCs in order
for the sampling system to pass the humid zero air certification test. Chromatograms (using an FID) of a certified
sampler and contaminated sampler are illustrated in Figures 12(a) and 12(b), respectively. If the sampler passes
the humid zero air test, it is then tested with humid calibration gas standards containing selected VOCs at
concentration levels expected in field sampling (e.g., 0.5 to 2 ppbv) as outlined in Section 8.4.4.

8.4.4 Sampler System Certification with Humid Calibration Gas Standards from a Dynamic
Calibration System

8.4.4.1 Assemble the dynamic calibration system and manifold as illustrated in Figure 8.

8.4.4.2 Verify that the calibration system is clean (less than 0.2 ppbv of any target compounds) by
sampling a humidified gas stream, without gas calibration standards, with a previously certified clean canister
(see Section 8.1).

8.4.4.3 The assembled dynamic calibration system is certified clean if less than 0.2 ppbv of any targeted
compounds is found.

8.4.44 For generating the humidified calibration standards, the calibration gas cylinder(s) containing
nominal concentrations of 10 ppmv in nitrogen of selected VOCs is attached to the calibration system as
illustrated in Figure 8. The gas cylinders are opened and the gas mixtures are passed through 0 to 10 mL/min
certified mass flow controllers to generate ppb levels of calibration standards.

8.4.4.5 After the appropriate equilibrium period, attach the sampling system (containing a certified
evacuated canister) to the manifold, as illustrated in Figure 8(b).

8.4.4.6 Sample the dynamic calibration gas stream with the sampling system.

8.4.4.7 Concurrent with the sampling system operation, realtime monitoring of the calibration gas stream
is accomplished by the on-line GC/MS analytical system [Figure 8(a)] to provide reference concentrations of
generated VOCs.

8.4.4.8 At the end of the sampling period (normally the same time period used for experiments), the
sampling system canister is analyzed and compared to the reference GC/MS analytical system to determine if the
concentration of the targeted VOCs was increased or decreased by the sampling system.

8.4.4.9 A recovery of between 90% and 110% is expected for all targeted VOCs.

8.4.5 Sampler System Certification without Compressed Gas Cylinder Standards.

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-15



Method TO-15 VOCs

8.4.5.1 Not all the gases on the Title III list are available/compatible with compressed gas standards. In
these cases sampler certification must be approached by different means.

8.4.5.2 Definitive guidance is not currently available in these cases; however, Section 9.2 lists several ways
to generate gas standards. In general, Compendium Method TO-14A compounds (see Table 1) are available
commercially as compressed gas standards.

9. GC/MS Analysis of Volatiles from Canisters

9.1 Introduction

9.1.1 The analysis of canister samples is accomplished with a GC/MS system. Fused silica capillary columns
are used to achieve high temporal resolution of target compounds. Linear quadrupole or ion trap mass
spectrometers are employed for compound detection. The heart of the system is composed of the sample inlet
concentrating device that is needed to increase sample loading into a detectable range. Two examples of
concentrating systems are discussed. Other approaches are acceptable as long as they are compatible with
achieving the system performance criteria given in Section 11.

9.1.2 With the first technique, a whole air sample from the canister is passed through a multisorbent packing
(including single adsorbent packings) contained within a metal or glass tube maintained at or above the
surrounding air temperature. Depending on the water retention properties of the packing, some or most of the
water vapor passes completely through the trap during sampling. Additional drying of the sample is
accomplished after the sample concentration is completed by forward purging the trap with clean, dry helium or
another inert gas (air is not used). The sample is then thermally desorbed from the packing and backflushed from
the trap onto a gas chromatographic column. In some systems a "refocusing" trap is placed between the primary
trap and the gas chromatographic column. The specific system design downstream of the primary trap depends
on technical factors such as the rate of thermal desorption and sampled volume, but the objective in most cases
is to enhance chromatographic resolution of the individual sample components before detection on a mass
spectrometer.

9.1.3 Sample drying strategies depend on the target list of compounds. For some target compound lists, the
multisorbent packing of the concentrator can be selected from hydrophobic adsorbents which allow a high
percentage of water vapor in the sample to pass through the concentrator during sampling and without significant
loss of the target compounds. However, if very volatile organic compounds are on the target list, the adsorbents
required for their retention may also strongly retain water vapor and a more lengthy dry purge is necessary prior
to analysis.

9.1.4 With the second technique, a whole air sample is passed through a concentrator where the VOCs are
condensed on a reduced temperature surface (cold trap). Subsequently, the condensed gases are thermally
desorbed and backflushed from the trap with an inert gas onto a gas chromatographic column. This concentration
technique is similar to that discussed in Compendium Method TO-14, although a membrane dryer is not used.
The sample size is reduced in volume to limit the amount of water vapor that is also collected (100 mL or less
may be necessary). The attendant reduction in sensitivity is offset by enhancing the sensitivity of detection, for
example by using an ion trap detector.
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9.2 Preparation of Standards

9.2.1 Introduction.
9.2.1.1 When available, standard mixtures of target gases in high pressure cylinders must be certified
traceable to a NIST Standard Reference Material (SRM) or to a NIST/EPA approved Certified Reference
Material (CRM). Manufacturer's certificates of analysis must be retained to track the expiration date.
9.2.1.2 The neat standards that are used for making trace gas standards must be of high purity; generally
a purity of 98 percent or better is commercially available.
9.2.1.3 Cylinder(s) containing approximately 10 ppmv of each of the target compounds are typically used
as primary stock standards. The components may be purchased in one cylinder or in separate cylinders depending
on compatibility of the compounds and the pressure of the mixture in the cylinder. Refer to manufacturer's
specifications for guidance on purchasing and mixing VOCs in gas cylindets.
9.2.2 Preparing Working Standards.
9.2.2.1 Instrument Performance Check Standard. Prepare a standard solution of BFB in humidified
zero air at a concentration which will allow collection of 50 ng of BFB or less under the optimized concentration
parameters.
9.2.2.2 Calibration Standards. Prepare five working calibration standards in humidified zero air ata
concentration which will allow collection at the 2, 5, 10, 20, and 50 ppbv level for each component under the
optimized concentration parameters.
9.2.2.3 Internal Standard Spiking Mixture. Prepare an internal spiking mixture ¢ontaining bromo-
chloromethane, chlorobenzene-d;, and 1,4-difluorobenzene at 10 ppmv each in humidified zero air to be added
to the sample or calibration standard. 500 pL of this mixture spiked into 500 mL of sample will result in a
concentration of 10 ppbv. The internal standard is introduced into the trap during the collection time for all
calibration, blank, and sample analyses using the apparatus shown in Figure 13 or by equivalent means. The
volume of internal standard spiking mixture added for each analysis must be the same from run to run.
9.2.3 Standard Preparation by Dynamic Dilution Technique.
9.2.3.1 Standards may be prepared by dynamic dilution of the gaseous contents of a cylinder(s) containing
the gas calibration stock standards with humidified zero air using mass flow controllers and a calibration
manifold. The working standard may be delivered from the manifold to a clean, evacuated canister using a pump
and mass flow controller.
9.2.3.2 Alternatively, the analytical system may be calibrated by sampling directly from the manifold if
the flow rates are optimized to provide the desired amount of calibration standards. However, the use of the
canister as a reservoir prior to introduction into the concentration system resembles the procedure normally used
to collect samples and is preferred. Flow rates of the dilution air and cylinder standards (all expressed in the same
units) are measured using a bubble meter or calibrated electronic flow measuring device, and the concentrations
of target compounds in the manifold are then calculated using the dilution ratio and the original concentration of
each compound.

Manifold Cone, = (Original Conc.) (Std. Gas Flowrate)
(Air Flowrate) + (Std. Gas Flowrate)

9.2.3.3 Consider the example of 1 mL/min flow of 10 ppmv standard diluted with 1,000 mL/min of humid
air provides a nominal 10 ppbv mixture, as calculated below:
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_ (10 ppm)(1 mL/min)(1000 ppb/! ppm)
(1000 mL/min) + (1 mL/min)

Manifold Conc. = 10 ppb

9.2.4 Standard Preparation by Static Dilution Bottle Technique

[Note: Standards may be prepared in canisters by spiking the canister with a mixture of components prepared
in a static dilution bottle (12). This technique is used specifically for liquid standards.]

9.2.4.1 The volume of a clean 2-liter round-bottom flask, modified with a threaded glass neck to accept
a Mininert septum cap, is determined by weighing the amount of water required to completely fill up the flask.
Assuming a density for the water of 1 g/mL, the weight of the water in grams is taken as the volume of the flask
in milliliters.

9.2.4.2 The flask is flushed with helium by attaching a tubing into the glass neck to deliver the helium.
After a few minutes, the tubing is removed and the glass neck is immediately closed with a Mininert septum cap.

9.2.4.3 The flask is placed in a 60°C oven and allowed to equilibrate at that temperature for about
15 minutes. Predetermined aliquots of liquid standards are injected into the flask making sure to keep the flask
temperature constant at 60°C.

9.2.4.4 The contents are allowed to equilibrate in the oven for at least 30 minutes. To avoid condensation,
syringes must be preheated in the oven at the same temperature prior to withdrawal of aliquots to avoid
condensation.

9.2.4.5 Sample aliquots may then be taken for introduction into the analytical system or for further
dilution. An aliquot or aliquots totaling greater than 1 percent of the flask volume should be avoided.

9.2.4.6 Standards prepared by this method are stable for one week. The septum must be replaced with
each freshly prepared standard.

9.2.4.7 The concentration of each component in the flask is calculated using the following equation:

d
Concentration, mg/L. = V)9
Vi
where: V,= Volume of liquid neat standard injected into the flask, pL.

d = Density of the liquid neat standard, mg/uL.
V= Volume of the flask, L.

9.2.4.8 To obtain concentrations in ppbv, the equation given in Section 9.2.5.7 can be used.
[Note: In the preparation of standards by this technique, the analyst should make sure that the volume of neat
standard injected into the flask does not result in an overpressure due to the higher partial pressure produced
by the standard compared to the vapor pressure in the flask. Precautions should also be taken to avoid a
significant decrease in pressure inside the flask after withdrawal of aliquot(s).]

9.2.5 Standard Preparation Procedure in High Pressure Cylinders

[Note: Standards may be prepared in high pressure cylinders (13). A modified summary of the procedure
is provided below.]

9.2.5.1 The standard compounds are obtained as gases or neat liquids (greater than 98 percent purity).
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9.2.5.2 An aluminum cylinder is flushed with high-purity nitrogen gas and then evacuated to better than
25in. Hg.

9.2.5.3 Predetermined amounts of each neat standard compound are measured using a microliter or
gastight syringe and injected into the cylinder. The cylinder is equipped with a heated injection port and nitrogen
flow to facilitate sample transfer.

9.2.5.4 The cylinder is pressurized to 1000 psig with zero nitrogen.

[Note: User should read all SOPs associated with generating standards in high pressure cylinders. Follow
all safety requirements to minimize danger from high pressure cylinders.]

9.2.5.5 The contents of the cylinder are allowed to equilibrate (~24 hrs) prior to withdrawal of aliquots
into the GC system.
9.2.5.6 If the neat standard is a gas, the cylinder concentration is determined using the following equation:

Volume
Concentration, ppbv = ———s20dad 4 109
Volume g, oy gas

[Note: Both values must be expressed in the same units.]

9.2.5.7 If the neat standard is a liquid, the gaseous concentration can be determined using the following
equations:

and:

where: V= Gaseous volume of injected compound at EPA standard temperature (25°C) and
pressure (760 mm Hg), L.
n= Moles.
= Qas constant, 0.08206 L-atm/mole °K.
= 298°K (standard temperature).
= 1 standard pressure, 760 mm Hg (1 atm).
= Volume of liquid injected, mL.
= Density of the neat standard, g/mL.
= Molecular weight of the neat standard expressed, g/g-mole.

The gaseous volume of the injected compound is divided by the cylinder volume at STP and then multiplied by
10° to obtain the component concentration in ppb units.
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9.2.6 Standard Preparation by Water Methods.
[Note: Standards may be prepared by a water purge and trap method (14) and summarized as follows].

9.2.6.1 A previously cleaned and evacuated canister is pressurized to 760 mm Hg absolute (1 atm) with
zero grade air.

9.2.6.2 The air gauge is removed from the canister and the sparging vessel is connected to the canister with
the short length of 1/16 in. stainless steel tubing.

[Note: Extra effort should be made to minimize possible areas of dead volume to maximize transfer of
analytes from the water to the canister.]

9.2.6.3 A measured amount of the stock standard solution and the internal standard solution is spiked into
5 mL of water.

9.2.6.4 This water is transferred into the sparge vessel and purged with nitrogen for 10 mins at
100 mL/min. The sparging vessel is maintained at 40°C.

9.2.6.5 At the end of 10 mins, the sparge vessel is removed and the air gauge is re-installed, to further
pressurize the canister with pure nitrogen to 1500 mm Hg absolute pressure (approximately 29 psia).

9.2.6.6 The canister is allowed to equilibrate overnight before use.

9.2.6.7 A schematic of this approach is shown in Figure 14.

9.2.7 Preparation of Standards by Permeation Tubes.

9.2.7.1 Permeation tubes can be used to provide standard concentration of a trace gas or gases. The
permeation of the gas can occur from inside a permeation tube containing the trace species of interest to an air
stream outside. Permeation can also occur from outside a permeable membrane tube to an air stream passing
through the tube (e.g., a tube of permeable material immersed in a liquid).

9.2.7.2 The permeation system is usually held at a constant temperature to generate a constant
concentration of trace gas. Commercial suppliers provide systems for generation and dilution of over
250 compounds. Some commercial suppliers of permeation tube equipment are listed in Appendix D.

9.2.8 Storage of Standards.

9.2.8.1 Working standards prepared in canisters may be stored for thirty days in an atmosphere free of
potential contaminants.

9.2.8.2 Itis imperative that a storage logbook be kept to document storage time.

10. GC/MS Operating Conditions

10.1 Preconcentrator

The following are typical cryogenic and adsorbent preconcentrator analytical conditions which, however, depend
on the specific combination of solid sorbent and must be selected carefully by the operator. The reader is referred
to Tables 1 and 2 of Compendium Method TO-17 for guidance on selection of sorbents. An example of a system
using a solid adsorbent preconcentrator with a cryofocusing trap is discussed in the literature (15). Oven

temperature programming starts above ambient.

10.1.1 Sample Collection Conditions

Cryogenic Trap Adsorbent Trap
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Set point -150°C Set point 27°C
Sample volume - up to 100 mL Sample volume -up to 1,000 mL
Carrier gas purge flow - none Carrier gas purge flow - selectable

[Note: The analyst should optimize the flow rate, duration of sampling, and absolute sample volume to be
used. Other preconcentration systems may be used provided performance standards (see Section 11) are
realized.]

10.1.2 Desorption Conditions

Cryogenic Trap Adsorbent Trap

Desorb Temperature 120°C Desorb Temperature Variable
Desorb Flow Rate ~ 3 mL/min He Desorb Flow Rate ~3 mL/min He
Desorb Time <60 sec Desorb Time <60 sec

The adsorbent trap conditions depend on the specific solid adsorbents chosen (see manufacturers’ specifications).

10.1.3 Trap Reconditioning Conditions.

Cryogenic Trap Adsorbent Trap

Initial bakeout 120°C (24 hrs) Initial bakeout

Variable (24 hrs)

After each run 120°C (5 min) After each run Variable (5 min)

10.2 GC/MS System

10.2.1 Optimize GC conditions for compound separation and sensitivity. Baseline separation of benzene
and carbon tetrachloride on a 100% methyl polysiloxane stationary phase is an indication of acceptable
chromatographic performance.

10.2.2 The following are the recommended gas chromatographic analytical conditions when using a 50-meter
by 0.3-mm L.D., 1 pm film thickness fused silica column with refocusing on the column.

Item Condition
Carrier Gas: Helium
Flow Rate: Generally 1-3 mL/min as recommended by manufacturer
Temperature Program: Initial Temperature: -50°C
Initial Hold Time: 2 min
Ramp Rate: 8° C/min
Final Temperature: 200°C
Final Hold Time: Until all target compounds elute.

10.2.3 The following are the recommended mass spectrometer conditions:

Item Condition
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Electron Energy: 70 Volts (nominal)

Mass Range: 35-300 amu [the choice of 35 amu excludes the detection of some target compounds
such as methanol and formaldehyde, and the quantitation of others such as ethylene
oxide, ethyl carbamate, etc. (see Table 2). Lowering the mass range and using special
programming features available on modern gas chromatographs will be necessary in
these cases, but are not considered here.

Scan Time: To give at least 10 scans per peak, not to exceed 1 second per scan].

A schematic for a typical GC/MS analytical system is illustrated in Figure 15.
10.3 Analytical Sequence

10.3.1 Introduction. The recommended GC/MS analytical sequence for samples during each 24-hour time
period is as follows:

* Perform instrument performance check using bromofluorobenzene (BFB).
* Initiate multi-point calibration or daily calibration checks.

* Perform a laboratory method blank.

» Complete this sequence for analysis of <20 field samples.

10.4 Instrument Performance Check

10.4.1 Summary. It is necessary to establish that a given GC/MS meets tuning and standard mass spectral
abundance criteria prior to initiating any data collection. The GC/MS system is set up according to the
manufacturer’s specifications, and the mass calibration and resolution of the GC/MS system are then verified by
the analysis of the instrument performance check standard, bromofluorobenzene (BFB).

10.4.2 Frequency. Prior to the analyses of any samples, blanks, or calibration standards, the Laboratory
must establish that the GC/MS system meets the mass spectral ion abundance criteria for the instrument
performance check standard containing BFB. The instrument performance check solution must be analyzed
initially and once per 24-hour time period of operation.

The 24-hour time period for GC/MS instrument performance check and standards calibration (initial calibration
or daily calibration check criteria) begins at the injection of the BFB which the laboratory records as
documentation of a compliance tune. '

10.4.3 Procedure. The analysis of the instrument performance check standard is performed by trapping 50
ng of BFB under the optimized preconcentration parameters. The BFB is introduced from a cylinder into the
GC/MS via a sample loop valve injection system similar to that shown in Figure 13.

The mass spectrum of BFB must be acquired in the following manner. Three scans (the peak apex scan and the
scans immediately preceding and following the apex) are acquired and averaged. Background subtraction is
conducted using a single scan prior to the elution of BFB.

10.4.4 Technical Acceptance Criteria. Prior to the analysis of any samples, blanks, or calibration
standards, the analyst must establish that the GC/MS system meets the mass spectral ion abundance criteria for
the instrument performance check standard as specified in Table 3.

10.4.5 Corrective Action. If the BFB acceptance criteria are not met, the MS must be retuned. It may be
necessary to clean the ion source, or quadrupoles, or take other necessary actions to achieve the acceptance
criteria.
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10.4.6 Documentation. Results of the BFB tuning are to be recorded and maintained as part of the
instrumentation log.

10.5 Initial Calibration

10.5.1 Summary. Prior to the analysis of samples and blanks but after the instrument performance check
standard criteria have been met, each GC/MS system must be calibrated at five concentrations that span the
monitoring range of interest in an initial calibration sequence to determine instrument sensitivity and the linearity
of GC/MS response for the target compounds. For example, the range of interest may be 2 to 20 ppbv, in which
case the five concentrations would be 1, 2, 5, 10 and 25 ppbv.

One of the calibration points from the initial calibration curve must be at the same concentration as the daily
calibration standard (e.g., 10 ppbv).

10.5.2 Frequency. Each GC/MS system must be recalibrated following corrective action (e.g., ion source
cleaning or repair, column replacement, etc.) which may change or affect the initial calibration criteria or if the
daily calibration acceptance criteria have not been met.

If time remains in the 24-hour time period after meeting the acceptance criteria for the initial calibration, samples
may be analyzed.

If time does not remain in the 24-hour period after meeting the acceptance criteria for the initial calibration, a new
analytical sequence shall commence with the analysis of the instrument performance check standard followed by
analysis of a daily calibration standard.

10.5.3 Procedure. Verify that the GC/MS system meets the instrument performance criteria in Section 10.4.

The GC must be operated using temperature and flow rate parameters equivalent to those in Section 10.2.2.
Calibrate the preconcentration-GC/MS system by drawing the standard into the system. Use one of the standards
preparation techniques described under Section 9.2 or equivalent.

A minimum of five concentration levels are needed to determine the instrument sensitivity and linearity. One of
the calibration levels should be near the detection level for the compounds of interest. The calibration range
should be chosen so that linear results are obtained as defined in Sections 10.5.1 and 10.5.5.

Quantitation ions for the target compounds are shown in Table 2. The primary ion should be used unless
interferences are present, in which case a secondary ion is used.
10.5.4 Calculations.

[Note: In the following calculations, an internal standard approach is used to calculate response factors.
The area response used is that of the primary quantitation ion unless otherwise stated.]

10.5.4.1 Relative Response Factor (RRF). Calculate the relative response factors for each target
compound relative to the appropriate internal standard (i.e., standard with the nearest retention time) using the
following equation:

crp - ACs
AC,
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where: RRF = Relative response factor.
A, = Area of the primary ion for the compound to be measured, counts.
A, = Area of the primary ion for the internal standard, counts.
C,; = Concentration of internal standard spiking mixture, ppbv.
C, = Concentration of the compound in the calibration standard, ppbv.

[Note: The equation above is valid under the condition that the volume of internal standard spiking mixture
added in all field and QC analyses is the same from run to run, and that the volume of field and QC sample
introduced into the trap is the same for each analysis. C,, and C, must be in the same units.]

10.5.4.2 Mean Relative Response Factor. Calculate the mean RRF for each compound by averaging
the values obtained at the five concentrations using the following equation:

— I X,
RRF = ) =
i=1 1
where: RRF = Mean relative response factor.

x; = RRF of the compound at concentration i.

n = Number of concentration values, in this case 5.
10.5.4.3 Percent Relative Standard Deviation (%RSD). Using the RRFs from the initial calibration,
calculate the %RSD for all target compounds using the following equations:

SD
%RSD = —R® ¥ 100

and
N (RRF, - RRF)
SD = s |t
Tt \J E, N -1
where: SDygr = Standard deviation of initial response factors (per compound).

RRF, = Relative response factor at a concentration level i.

RRF = Mean of initial relative response factors (per compound).

10.5.4.4 Relative Retention Times (RRT). Calculate the RRTs for each target compound over the initial
calibration range using the following equation:

RT
RRT = —=
RT,
where: RT,. = Retention time of the target compound, seconds

RT,; = Retention time of the internal standard, seconds.
10.5.4.5 Mean of the Relative Retention Times (RRT). Calculate the mean of the relative retention

times (RRT) for each analyte target compound over the initial calibration range using the following equation:
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n
RRT - Z RRT
i=1 n
where: RRT = Mean relative retention time for the target compound for each initial calibration

standard.
RRT = Relative retention time for the target compound at each calibration level.
10.5.4.6 Tabulate Primary Ion Area Response (Y) for Internal Standard. Tabulate the area response
(Y) of the primary ions (see Table 2) and the corresponding concentration for each compound and internal
standard.
10.5.4.7 Mean Area Response (Y) for Internal Standard. Calculate the mean area response (Y ) for
each internal standard compound over the initial calibration range using the following equation:
— Y
Y le =

where: ¥ = Mean area response.
Y = Area response for the primary quantitation ion for the internal standard for each initial
calibration standard.

10.5.4.8 Mean Retention Times (RT). Calculate the mean of the retention times (RT) for each internal
standard over the initial calibration range using the following equation:

where: RT = Mean retention time, seconds
RT = Retention time for the internal standard for each initial calibration standard, seconds.
10.5.5 Technical Acceptance Criteria for the Initial Calibration.
10.5.5.1 The calculated %RSD for the RRF for each compound in the calibration table must be less than
30% with at most two exceptions up to a limit of 40%.

[Note: This exception may not be acceptable for all projects. Many projects may have a specific target list
of compounds which would require the lower limit for all compounds.]

10.5.5.2 The RRT for each target compound at each calibration level must be withiin 0.06 RRT units of
the mean RRT for the compound.

10.5.5.3 The area response Y of at each calibration level must be within 40% of the mean area response Y
over the initial calibration range for each internal standard.

10.5.5.4 The retention time shift for each of the internal standards at each calibration level must be within
20 s of the mean retention time over the initial calibration range for each internal standard.

10.5.6 Corrective Action.

10.5.6.1 Criteria. If the initial calibration technical acceptance criteria are not met, inspect the system
for problems. It may be necessary to clean the ion source, change the column, or take other corrective actions to
meet the initial calibration technical acceptance criteria.

10.5.6.2 Schedule. Initial calibration acceptance criteria must be met before any field samples,
performance evaluation (PE) samples, or blanks are analyzed.
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10.6 Daily Calibration

10.6.1 Summary. Prior to the analysis of samples and blanks but after tuning criteria have been met, the
initial calibration of each GC/MS system must be routinely checked by analyzing a daily calibration standard to
ensure that the instrument continues to remain under control. The daily calibration standard, which is the nominal
10 ppbv level calibration standard, should contain all the target compounds.

10.6.2 Frequency. A check of the calibration curve must be performed once every 24 hours on a GC/MS
system that has met the tuning criteria. The daily calibration sequence starts with the injection of the BFB. If
the BFB analysis meets the ion abundance criteria for BFB, then a daily calibration standard may be analyzed.

10.6.3 Procedure. The mid-level calibration standard (10 ppbv) is analyzed in a GC/MS system that has
met the tuning and mass calibration criteria following the same procedure in Section 10.5.

10.6.4 Calculations. Perform the following calculations.

[Note: As indicated earlier, the area response of the primary quantitation ion is used unless otherwise
stated.]

10.6.4.1 Relative Response Factor (RRF). Calculate a relative response factor (RRF) for each target
compound using the equation in Section 10.5.4.1.

10.6.4.2 Percent Difference (%D). Cilculate the percent difference in the RRF of the daily RRF
(24-hour) compared to the mean RRF in the most recent initial calibration. Calculate the %D for each target
compound using the following equation:

RRF_ - RRF.
%D = ——a—ou—2x 100
RRF,
where: RRF, = RRF of the compound in the continuing calibration standard.

RRF, = Mean RRF of the compound in the most recent initial calibration.

10.6.5 Technical Acceptance Criteria. The daily calibration standard must be analyzed at the
concentration level and frequency described in this Section 10.6 and on a GC/MS system meeting the BFB
instrument performance check criteria (see Section 10.4).

The %D for each target compound in a daily calibration sequence must be within +30 percent in order to proceed
with the analysis of samples and blanks. A control chart showing %D values should be maintained.

10.6.6 Corrective Action. If the daily calibration technical acceptance criteria are not met, inspect the
system for problems. It may be necessary to clean the ion source, change the column, or take other corrective
actions to meet the daily calibration technical acceptance criteria.

Daily calibration acceptance criteria must be met before any field samples, performance evaluation (PE) samples,
or blanks are analyzed. If the % D criteria are not met, it will be necessary to rerun the daily calibration sample.

10.7 Blank Analyses

10.7.1 Summary. To monitor for possible laboratory contamination, laboratory method blanks are analyzed
at least once in a 24-hour analytical sequence. All steps in the analytical procedure are performed on the blank
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using all reagents, standards, equipment, apparatus, glassware, and solvents that would be used for a sample
analysis.

A laboratory method blank (LMB) is an unused, certified canister that has not left the laboratory. The blank
canister is pressurized with humidified, ultra-pure zero air and carried through the same analytical procedure as
a field sample. The injected aliquot of the blank must contain the same amount of internal standards that are
added to each sample.

10.7.2 Frequency. The laboratory method blank must be analyzed after the calibration standard(s) and
before any samples are analyzed.

‘Whenever a high concentration sample is encountered (i.e., outside the calibration range), a blank analysis should
be performed immediately after the sample is completed to check for carryover effects.

10.7.3 Procedure. Fill a cleaned and evacuated canister with humidified zero air (RH >20 percent, at 25°C).
Pressurize the contents to 2 atm.

The blank sample should be analyzed using the same procedure outlined under Section 10.8.

10.7.4 Calculations. The blanks are analyzed similar to a field sample and the equations in Section 10.5.4
apply.

10.7.5 Technical Acceptance Criteria. A blank canister should be analyzed daily.

The area response for each internal standard (IS) in the blank must be within +40 percent of the mean area
response of the IS in the most recent valid calibration.

The retention time for each of the internal standards must be within +0.33 minutes between the blank and the
most recent valid calibration.

The blank should not contain any target analyte at a concentration greater than its quantitation level (three times
the MDL as defined in Section 11.2) and should not contain additional compounds with elution characteristics
and mass spectral features that would interfere with identification and measurement of a method analyte.

10.7.6 Corrective Action. If the blanks do not meet the technical acceptance criteria, the analyst should
consider the analytical system to be out of control. It is the responsibility of the analyst to ensure that
contaminants in solvents, reagents, glassware, and other sample storage and processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms be eliminated. If contamination is a problem,
the source of the contamination must be investigated and appropriate corrective measures need to be taken and
documented before further sample analysis proceeds.

If an analyte in the blank is found to be out of control (i.e., contaminated) and the analyte is also found in
associated samples, those sample results should be "flagged" as possibly contaminated.

10.8 Sample Analysis

10.8.1 Summary. An aliquot of the air sample from a canister (e.g., 500 mL) is preconcentrated and
analyzed by GC/MS under conditions stated in Sections 10.1 and 10.2. If using the multisorbent/dry purge
approach, adjust the dry purge volume to reduce water effects in the analytical system to manageable levels.

[Note: The analyst should be aware that pressurized samples of high humidity samples will contain
condensed water. As a result, the humidity of the sample released from the canister during analysis will vary
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in humidity, being lower at the higher canister pressures and increasing in humidity as the canister pressures
decreases. Storage integrity of water soluble compounds may also be affected.]

10.8.2 Frequency. If time remains in the 24-hour period in which an initial calibration is performed,
samples may be analyzed without analysis of a daily calibration standard.

If time does not remain in the 24-hour period since the injection of the instrument performance check standard
in which an initial calibration is performed, both the instrument performance check standard and the daily
calibration standard should be analyzed before sample analysis may begin.
10.8.3 Procedure for Instrumental Analysis. Perform the following procedure for analysis.

10.8.3.1 All canister samples should be at temperature equilibrium with the laboratory.

10.8.3.2 Check and adjust the mass flow controllers to provide correct flow rates for the system.

10.8.3.3 Connect the sample canister to the inlet of the GC/MS analytical system, as shown in Figure 15
[Figure 16 shows an alternate two stage concentrator using multisorbent traps followed by a trap cooled by a
closed cycle cooler (15)]. The desired sample flow is established through the six-port chromatographic valve and
the preconcentrator to the downstream flow controller. The absolute volume of sample being pulled through the
trap must be consistent from run to run.

10.8.3.4 Heat/cool the GC oven and cryogenic or adsorbent trap to their set points. Assuming a six-port
value is being used, as soon as the trap reaches its lower set point, the six-port chromatographic valve is cycled
to the trap position to begin sample collection. Utilize the sample collection time which has been optimized by
the analyst.

10.8.3.5 Use the arrangement shown in Figure 13, (i.., a gastight syringe or some alternate method)
introduce an internal standard during the sample collection period. Add sufficient internal standard equivalent
to 10 ppbv in the sample. For example, a 0.5 mL volume of a mixture of internal standard compounds, each at
10 ppmv concentration, added to a sample volume of 500 mL, will result in 10 ppbv of each internal standard
in the sample.

10.8.3.6 After the sample and internal standards are preconcentrated on the trap, the GC sampling valve
is cycled to the inject position and the trap is swept with helium and heated. Assuming a focusing trap is being
used, the trapped analytes are thermally desorbed onto a focusing trap and then onto the head of the capillary
column and are separated on the column using the GC oven temperature program. The canister valve is closed
and the canister is disconnected from the mass flow controller and capped. . The trap is maintained at elevated
temperature until the beginning of the next analysis.

10.8.3.7 Upon sample injection onto the column, the GC/MS system is operated so that the MS scans the
atomic mass range from 35 to 300 amu. At least ten scans per eluting chromatographic peak should be acquired.
Scanning also allows identification of unknown compounds in the sample through searching of library spectra.

10.8.3.8 Each analytical run must be checked for saturation. The level at which an individual compound
will saturate the detection system is a function of the overall system sensitivity and the mass spectral
characteristics of that compound.

10.8.3.9 Secondary ion quantitation is allowed only when there are sample matrix interferences with the
primary ion. If secondary ion quantitation is performed, document the reasons in the laboratory record book.

10.8.4 Calculations. The equation below is used for calculating concentrations.
_ ACDF
A, RRF

X

where: C, = Compound concentration, ppbv.
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A, = Area of the characteristic ion for the compound to be measured, counts.
A, = Area of the characteristic ion for the specific internal standard, counts.
C, = Concentration of the internal standard spiking mixture, ppbv

RRF = Mean relative response factor from the initial calibration.

DF = Dilution factor calculated as described in section 2. If no dilution is performed, DF
=1.

[Note: The equation above is valid under the condition that the volume (~500 uL) of internal standard
spiking mixture added in all field and QC analyses is the same from run to run, and that the volume (-500 mL)
of field and QC sample introduced into the trap is the same for each analysis.]

10.8.5 Technical Acceptance Criteria.

[Note: If the most recent valid calibration is an initial calibration, internal standard area responses and RTs
in the sample are evaluated against the corresponding internal standard area responses and RTs in the mid
level standard (10 ppbv) of the initial calibration.]

10.8.5.1 The field sample must be analyzed on a GC/MS system meeting the BFB tuning, initial
calibration, and continuing calibration technical acceptance criteria at the frequency described in Sections 10.4,
10.5 and 10.6.

10.8.5.2 The field samples must be analyzed along with a laboratory method blank that met the blank
technical acceptance criteria. )

10.8.5.3 All of the target analyte peaks should be within the initial calibration range.

10.8.5.4 The retention time for each internal standard must be within +0.33 minutes of the retention time
of the internal standard in the most recent valid calibration.

10.8.6 Corrective Action. If the on-column concentration of any compound in any sample exceeds the

initial calibration range, an aliquot of the original sample must be diluted and reanalyzed. Guidance in
performing dilutions and exceptions to this requirement are given below.

 Use the results of the original analysis to determine the approximate dilution factor required to get the
largest analyte peak within the initial calibration range.

» The dilution factor chosen should keep the response of the largest analyte peak for a target compound in
the upper half of the initial calibration range of the instrument.

[Note: Analysis involving dilution should be reported with a dilution factor and nature of the dilution gas.]

10.8.6.1 Internal standard responses and retention times must be evaluated during or immediately after
data acquisition. If the retention time for any internal standard changes by more than 20 sec from the latest daily
(24-hour) calibration standard (or mean retention time over the initial calibration range), the GC/MS system must
be inspected for malfunctions, and corrections made as required.

10.8.6.2 If the area response for any internal standard changes by more than +40 percent between the
sample and the most recent valid calibration, the GC/MS system must be inspected for malfunction and
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corrections made as appropriate. When corrections are made, reanalysis of samples analyzed while the system
was malfunctioning is necessary.

10.8.6.3 If, after reanalysis, the area responses or the RTs for all internal standards are inside the control
limits, then the problem with the first analysis is considered to have been within the control of the Laboratory.
Therefore, submit only data from the analysis with SICPs within the limits. This is considered the initial analysis
and should be reported as such on all data deliverables.

11. Requirements for Demonstrating Method Acceptability for VOC Analysis from Canisters

11.1 Introduction

11.1.1 There are three performance criteria which must be met for a system to qualify under Compendium
Method TO-15. These criteria are: the method detection limit of <0.5 ppbv, replicate precision within 25 percent,
and audit accuracy within 30 percent for concentrations normally expected in contaminated ambient air (0.5 to
25 ppbv).

11.1.2 Either SIM or SCAN modes of operation can be used to achieve these criteria, and the choice of mode
will depend on the number of target compounds, the decision of whether or not to determine tentatively identified
compounds along with other VOCs on the target list, as well as on the analytical system characteristics.

11.1.3 Specific criteria for each Title IIT compound on the target compound list must be met by the analytical
system. These criteria were established by examining summary data from EPA's Toxics Air Monitoring System
Network and the Urban Air Toxics Monitoring Program network. Details for the determination of each of the
criteria follow.

11.2 Method Detection Limit

11.2.1 The procedure chosen to define the method detection limit is that given in the Code of Federal
Regulations (40 CFR 136 Appendix B).

11.2.2 The method detection limit is defined for each system by making seven replicate measurements of the
compound of interest at-a concentration near (within a factor of five) the expected detection limit, computing the
standard deviation for the seven replicate concentrations, and multiplying this value by 3.14 (i.e., the Student's
t value for 99 percent confidence for seven values). Employing this approach, the detection limits given in
Table 4 were obtained for some of the VOCs of interest.

11.3 Replicate Precision

11.3.1 The measure of replicate precision used for this program is the absolute value of the difference
between replicate measurements of the sample divided by the average value and expressed as a percentage as
follows:

|X1 i le

X

percent difference = x 100

where: x, = First measurement value.
x, = Second measurement value.

X = Average of the two values.
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11.3.2 There are several factors which may affect the precision of the measurement. The nature of the
compound of interest itself such as molecular weight, water solubility, polarizability, etc., each have some effect
on the precision, for a given sampling and analytical system. For example, styrene, which is classified as a polar
VOC, generally shows slightly poorer precision than the bulk of nonpolar VOCs. A primary influence on
precision is the concentration level of the compound of interest in the sample, i.e., the precision degrades as the
concentration approaches the detection limit. A conservative measure was obtained from replicate analysis of
"real world" canister samples from the TAMS and UATMP networks. These data are summarized in Table 5
and suggest that a replicate precision value of 25 percent can be achieved for each of the target compounds.

11.4 Audit Accuracy

11.4.1 A measure of analytical accuracy is the degree of agreement with audit standards. Audit accuracy is
defined as the difference between the nominal concentration of the audit compound and the measured value
divided by the audit value and expressed as a percentage, as illustrated in the following equation:

Spiked Value - Observed Value

s x 100
Spiked Value

Audit Accuracy, % =

11.4.2 Audit accuracy results for TAMS and UATMP analyses are summarized in Table 6 and were used
to form the basis for a selection of 30 percent as the performance criterion for audit accuracy.
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APPENDIX Al

LISTING OF SOME COMMERCIAL WATER
MANAGEMENT SYSTEMS USED WITH AUTOGC SYSTEMS

Tekmar Dohrman Company
7143 East Kemper Road

Post Office Box 429576
Cincinnati, Ohio 45242-9576
(513) 247-7000

(513) 247-7050 (Fax)

(800) 543-4461

[Moisture control module]

Entech Laboratory Automation
950 Enchanted Way No. 101
Simi Valley, California 93065
(805) 527-5939

(805) 527-5687 (Fax)
[Microscale Purge and Trap]

Dynatherm Analytical Instruments

Post Office Box 159

Kelton, Pennsylvania 19346
(215) 869-8702

(215) 869-3885 (Fax)
[Thermal Desorption System]

XonTech Inc.

6862 Hayenhurst Avenue

Van Nuys, CA 91406

(818) 787-7380

(818) 787-4275 (Fax)
[Multi-adsorbent trap/dry purge]

Graseby

500 Technology Ct.

Smyrna, Georgia 30082
(770) 319-9999

(770) 319-0336 (Fax)

(800) 241-6898

[Controlled Desorption Trap]

Varian Chromatography System

2700 Mitchell Drive

Walnut Creek, California 94898

(510) 945-2196

(510) 945-2335 (FAX)

[Variable Temperature Adsorption Trap]
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APPENDIX B.
COMMENT ON CANISTER CLEANING PROCEDURES

The canister cleaning procedures given in Section 8.4 require that canister pressure be reduced to <0.05mm Hg
before the cleaning process is complete. Depending on the vacuum system design (diameter of connecting tubing,
valve restrictions, etc.) and the placement of the vacuum gauge, the achievement of this value may take several
hours. In any case, the pressure gauge should be placed near the canisters to determine pressure. The objective
of requiring a low pressure evacuation during canister cleaning is to reduce contaminants, If canisters can be
routinely certified (<0.2 ppbv for target compounds) while using a higher vacuum, then this criteria can be
relaxed. However, the ultimate vacuum achieved during cleaning should always be <0.2mm Hg.

Canister cleaning as described in Section 8.4 and illustrated in Figure 10 requires components with special
features. The vacuum gauge shown in Figure 10 must be capable of measuring 0.05mm Hg with less than a
20% error. The vacuum pump used for evacuating the canister must be noncontaminating while being capable
of achieving the 0.05 mm Hg vacuum as monitored near the canisters. Thermoelectric vacuum gauges and
turbomolecular drag pumps are typically being used for these two components.

An alternate to achieving the canister certification requirement of <0.2 ppbv for all target compounds is the
criteria used in Compendium Method TO-12 that the total carbon count be <10ppbC. This check is less
expensive and typically more exacting than the current certification requirement and can be used if proven to be
equivalent to the original requirement. This equivalency must be established by comparing the total nonmethane
organic carbon (TNMOC) expressed in ppbC to the requirement that individual target compounds be <0.2 ppbv
for a series of analytical runs.
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LISTING OF COMMERCIAL MANUFACTURERS AND RE-SUPPLIERS OF
SPECIALLY-PREPARED CANISTERS

BRC/Rasmussen

17010 NW Skyline Blvd.
Portland, Oregon 97321
(503) 621-1435

Meriter

1790 Potrero Drive
San Jose, CA 95124
(408) 265-6482

Restek Corporation

110 Benner Circle
Bellefonte, PA 16823-8812
(814) 353-1300

(800) 356-1688

Scientific Instrumentation Specialists
P.O. Box 8941

815 Courtney Street

Moscow, ID 83843

(208) 882-3860

Graseby

500 Technology Ct.
Smyrna, Georgia 30082
(404) 319-9999

(800) 241-6898

XonTech Inc.

6862 Hayenhurst Avenue
Van Nuys, CA 91406
(818) 787-7380

APPENDIX C.
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APPENDIX D.
LISTING OF COMMERCIAL SUPPLIERS OF PERMEATION TUBES AND SYSTEMS

Kin-Tek

504 Laurel St.
Lamarque, Texas 77568
(409) 938-3627

(800) 326-3627

Vici Metronics, Inc.
2991 Corvin Drive
Santa Clara, CA 95051
(408) 737-0550

Analytical Instrument Development, Inc.
Rt. 41 and Newark Rd.

Avondale, PA 19311

(215) 268-3181

Ecology Board, Inc.
9257 Independence Ave.
Chatsworth, CA 91311
(213) 882-6795

Tracor, Inc.

6500 Tracor Land
Austin, TX

(512) 926-2800

Metronics Associates, Inc.
3201 Porter Drive
Standford Industrial Park
Palo Alto, CA 94304
(415) 493-5632
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Method TO-15 VOCs
TABLE 2. CHARACTERISTIC MASSES (M/Z) USED FOR QUANTIFYING
THE TITLE HOI CLEAN AIR ACT AMENDMENT COMPOQUNDS
Compound CAS No. ! Primarylon § Secondary Ion
Methyl chloride (chloromethane); CH3Cl 74-87-3 50 52
Carbonyl sulfide; COS 463-S8-1 60 62
Vinyl chloride (chloroethene); C2H3Cl 7S-014 62 64
Diazomethane; CH2N2 334-88-3 42 41
Formaldehyde; CH20 50-00-0 29 30
1,3-Butadiene; C4H6 106-99-0 39 54
Methyl bromide (bromomethane); CH3Br 74-83-9 94 96
| Phosgene; CCI20 75-44-5 63 65
il Vinyl bromide (bromoethene); C2H3Br 593-60-2 106 108 1|
Ethylene oxide; C2H40 75-21-8 29 44 1
Ethyl chloride (chloroethane); C2H5C1 75-00-3 64 66
Acetaldehyde (ethanal); C2H40 75-07-0 44 29, 43
Vinylidene chloride (1,1-dichloroethylene); C2H2C12 75-354 61 96
Propylene oxide; C3H60 75-56-9 58 57
Methy! iodide (iodomethane); CH31 74-88-4 142 127
Methylene chloride; CH2CI2 75-09-2 49 84, 86
Methyl isocyanate; C2ZH3NO 624-83-9 57 56
Allyl chloride (3-chloropropene); C3H5C1 107-05-1 76 41, 78
Carbon disulfide; CS2 75-15-0 76 44, 78
Methyl tert-butyl ether; CSH120 1634-04-4 73 41, 53
Propionaldehyde; C2HSCHO 123-38-6 58 29, 57
Ethylidene dichloride (1,1-dichloroethane); C2H4CI2 75-34-3 63 65, 27
Chloroprene (2-chloro-1,3-butadiene); C4H5Cl 126-99-8 88 53,90
Chloromethyl methyl ether; C2ZH5CIO 107-30-2 45 29, 49
Acrolein (2-propenal); C3H40 107-02-8 56 55
1,2-Epoxybutane (1,2-butylene oxide); C4AH8O 106-88-7 42 41,72
Chloroform; CHCI3 67-66-3 83 85, 47
I Ethyleneimine (aziridine); C2HSN 151-564 a2 o |
1,1-Dimethylhydrazine; C2H8N2 57-14-7 60 45, 59
Hexane; C6H14 110-54-3 57 41,43
1,2-Propyleneimine (2-methylazindine); C3H7N 75-55-8 56 57,42
Acrylonitrile (2-propenenitrile); C3H3N 107-13-1 53 52
Methyl chloroform (1,1,1 trichloroethane); C2H3CI3 71-55-6 97 99, 61
Methanol; CH40 67-56-1 31 29
Carbon tetrachloride; CCl4 56-23-5 117 119
Vinyl acetate; C4H602 108-05-4 43 86
“ Methy] ethyl ketone (2-butanone); C4H80 78-93-3 43 72
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TABLE 2. (continued

Compound CASNo. | Primarylon | Secondary lon
Benzene; C6H6 71-43-2 78 77,50
Acetonitrile (cyanomethane); C2H3N 75-05-8 41 40
Ethylene dichloride (1,2-dichloroethane); C2H4CI12 107-06-2 62 64, 27
I Triethylamine; C6H15N 121-44-3 86 58, 101
Methylhydrazine; CHON2 60-34-4 46 31,45
Propylene dichloride (1,2-dichloropropane); C3H6CI2 78-87-5 63 41, 62
2,2,4-Trimethyl pentane; C8H18 540-84-1 57 41, 56
1,4-Dioxane (1,4 Diethylene oxide); C4H802 123-91-1 88 58
Bis(chloromethyl) ether; C2H4C120 542-88-1 79 49, 81
Ethyl acrylate; CSH802 140-88-5 55 73
Methyl methacrylate; CSH8O2 80-62-6 41 69, 100
1,3-Dichloropropene; C3H4CI12 (cis) 542-75-6 75 39,77
Toluene; C7H8 108-88-3 91 92
Trichloethylene; C2HCI3 79-01-6 130 132,95
1,1,2-Trichloroethane; C2H3Cl13 79-00-5 97 83, 61
Tetrachloroethylene; C2Cl4 127-18-4 166 164, 131
Epichlorohydrin (1-chloro-2,3-epoxy propane); C3H5CIO 106-89-8 57 49, 62
Ethylene dibromide (1,2-dibromoethane); C2H4Br2 106-93-4 107 109
N-Nitrso-N-methylurea; C2ZHSN302 684-93-5 60 44, 103
2-Nitropropane; C3H7NO2 79-46-9 43 41
Chlorobenzene; C6HSCI 108-90-7 112 77,114
Ethylbenzene; C8H10 100-41-4 91 106
Xylenes (isomer & mixtures); CS8H10 1330-20-7 91 106
Styrene; C8H8 100-42-5 104 78,103
p-Xylene; C8H10 106-42-3 91 106
m-Xylene; C8H10 108-38-3 91 106
Methyl isobutyl ketone (hexone); C6H120 108-10-1 43 58, 100
Bromoform (tribromomethane); CHBr3 75-25-2 173 171, 175
1,1,2,2-Tetrachloroethane; C2H2Cl4 79-34-5 83 85
o-Xylene; C8H10 95-47-6 91 106
Dimethylcarbamyl chloride; C3H6CINO 79-44-7 72 107
N-Nitrosodimethylamine; C2H6N20 62-75-9 74 42
Beta-Propiolactone; C3H402 57-57-8 42 43
Cumene (isopropylbenzene); COH12 98-82-8 105 120
Acrylic acid; C3H402 79-10-7 72 45, 55
I N,N-Dimethylformamide; C3H7NO 68-12-2 73 42, 44
1,3-Propane sultone; C3H603S 1120-71-4 58 65, 122

TABLE 2. (continued)
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Compound CASNo. § Primarylon ! Secondary Ion
Acetophenone; CS8H8O 98-86-2 105 77,120

Il Dimethyl sulfate; C2ZH604S 77-78-1 95 66,96

| Benzy1 chioride (a-chlorotoluene); CTHTCI 100-44-7 91 126

b 1,2-Dibromo-3-chloropropane; C3H5Br2Cl 96-12-8 57 155, 157
Bis(2-Chloroethyl)ether; C4AH8CI120 111-44-4 93 63, 95

" Chloroacetic acid; C2H3Cl102 79-11-8 50 45, 60

“ Aniline (aminobenzene); COH7TN 62-53-3 93 66
1,4-Dichlorobenzene (p-); C6H4Cl12 106-46-7 146 148, 111
Ethyl carbamate (urethane); C3H7NO2 51-79-6 31 44, 62
Acrylamide; C3HSNO 79-06-1 44 55, 71
N,N-Dimethylaniline; C8H1 1N 121-69-7 120 77,121
Hexachloroethane; C2C16 67-72-1 201 199, 203
Hexachlorobutadiene; C4C16 87-68-3 225 227,223
Isophorone; C9H140 78-59-1 82 138 |
N-Nitrosomorpholine; C4AH8N202 59-89-2 56 86,116
Styrene oxide; CSH80 96-09-3 91 120
Diethy] sulfate; C4H1004S 64-67-5 45 59, 139
Cresylic acid (cresol isomer mixture); C7TH8O 1319-77-3

“ 0-Cresol; CTH8O 95-48-7 108 107

Il Catechol (o-hydroxyphenol); C6H602 120-80-9 110 64
Phenol; C6H60O 108-95-2 94 66
1,2 4-Trichlorobenzene; C6H3Cl13 120-82-1 180 182, 184
Nitrobenzene; C6HSNO2 98-95-3 77 51,123
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TABLE 3. REQUIRED BFB KEY IONS AND

Jon Abundance Criteria'

50 8.0 to 40.0 Percent of m/e 95
75 30.0 to 66.0 Percent of m/e 95
95 Base Peak, 100 Percent Relative Abundance
96 5.0 to 9.0 Percent of m/e 95 (See note)
173 Less than 2.0 Percent of m/e 174
174 50.0 to 120.0 Percent of m/e 95
175 4.0 to 9.0 Percent of m/e 174
176 93.0 to 101.0 Percent of m/e 174

5.0 to 9.0 Percent of m/e 176 I

' All ion abundances must be normalized to m/z 95, the
nominal base peak, even though the ion abundance of m/z
174 may be up to 120 percent that of m/z 95.
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VYOCs

0.34 0.29
0.42 0.15
034 0.02 |
0.25 0.07
It 1,3-Dichlorobenzene 0.36 0.07
i1 1,2-Dibromoethane — 0.05
IL1,4-Dichlorobenzene 0.70 0.12
|| 1,2-Dichlorobenzene 0.44 -
|| 1.1-Dichloroethane 027 0.05
Il 1 2-Dichloroethane 0.24 2
I 1,1-Dichloroethene - 0.22
| cis-1,2-Dichloroethene £ 0.06
Methylene chloride 1.38 0.84
I 1,2-Dichloropropane 021 —
|| cis-1,3-Dichloropropene 0.36 -
| trans-1,3-Dichloropropene 0.22 -
Ethylbenzene 0.27 0.05
Chloroethane 0.19 -
Trichlorofluoromethane - -
f{ 1.1,2-Trichloro-12 2-trifluoroethane =
[{ 1.2-Dichioro-1,1.2.2-tetrafluoroethane = -
Dichlorodifluoromethane - -
Hexachlorobutadiene - -
Bromomethane 0.53 -
Chloromethane 0.40 -
Styrene 1.64 0.06
1,1,2,2-Tetrachloroethane 0.28 0.09
Tetrachloroethene 0.75 0.10
Toluene 0.99 0.20
1,2.4-Trichlorobenzene — —
1.1,1-Trichloroethane 0.62 0.21
1,1,2-Trichloroethane 0.50 —
Trichloroethene 0.45 0.07
1,2,4-Trimethylbenzene - -
1.3.5-Trimethylbenzene — —
Vinyl Chloride 0.33 0.48
0.76 0.08
0.57 0.28

'Method Detection Limits (MDLs) are defined as the product of the standard
deviation of seven replicate analyses and the student's "t" test value for 99%

confidence. For Lab #2, the MDLs represent an average over four studies.
MDLs are for MS/SCAN for Lab #1 and for MS/SIM for Lab #2.
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TABLE 5. SUMMARY OF EPA DATA ON REPLICATE PRECISION (RP)
FROM EPA NETWORK OPERATIONS'

EPA's Urban Air Toxics Monitoring EPA's Toxics Air Monitoring Stations

il Monitoring Compound Frogram (UATMP) AMS)

{ 1entification %RP 4 ppby %RP # ppbv__|

i Dichlorodifluoromethane - - 13.9 47 0.9

| Methylene chloride 16.3 07 43 194 47 0.6

¢ 1,2-Dichloroethane 36.2 31 1.6 - - -

i 1,1,1-Trichloroethane 14.1 44 1.0 10.6 47 2.0

Il Benzene 123 56 1.6 44 47 1.5

Ii Trichloroethene 12.8 08 1.3 - - --

i Toluene 14.7 76 3.1 34 47 3.1

i Tetrachloroethene 36.2 12 0.8 - - -
Chlorobenzene 20.3 21 0.9 - - -
Ethylbenzene 14.6 32 0.7 54 47 0.5

li m-Xylene 14.7 75 4.0 53 47 1.5

il Styrene 22.8 59 1.1 8.7 47 0.22

It o-Xylene - -- 6.0 47 0.5
p-Xylene -

Il 1,3-Dichlorobenzene 49.1 06 0.6 - - -

il 1,4-Dichlorobenzene 14.7 14 6.5 - - -

Denotes the number of replicate or duplicate analysis used to generate the statistic. The replicate precision is
defined as the mean ratio of absolute difference to the average value.
2Styrene and o-xylene coelute from the GC column used in UATMP. For the TAMS entries, both values were
below detection limits for 18 of 47 replicates and were not included in the calculation.

TABLE 6. AUDIT ACCURACY (AA) VALUES' FOR SELECTED

' Selected Compounds From TO-14A List

COMPENDIUM METHOD TO-14A COMPOUNDS

i 1,1,1-Trichloroethane
i Benzene

i Carbon tetrachloride
I 1,2-Dichloropropane
i Trichloroethene
Toluene
Tetrachloroethene
Chlorobenzene
Ethylbenzene

| o-Xylene

FY-88 TAMS AA(%), N=30 FY-88 UATMP AA(%), N=3 ||
4.6 17.9
-- 6.4
6.4 --
8.6 314
-- 42
6.8 114
18.6 11.3
10.3 10.1
124 9.4
-- 6.2
8.8 52
83 12.5
6.2 --
10.5 11.7
124 124
16.2 21.2
=—1|

'Audit accuracy is defined as the relative difference between the audit measurement result and its nominal value divided by
the nominal value. N denotes the number of audits averaged to obtain the audit accuracy value. Information is not available
for other TO-14A compounds because they were not present in the audit materials.
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Figure 1. Sampler configuration for subatmospheric pressure or pressurized canister sampling.
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Figure 2. Electrical pulse circuits for driving Skinner magnelatch solenoid valve with

mechanical timer.
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Figure 3. Alternative sampler configuration for pressurized canister sampling.
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Figure 4. Illustration of three stages of dry purging of adsorbent trap.
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Figure 6. Simplified diagram of a quadrupole mass spectrometer.
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Figure 7. Simplified diagram of an ion trap mass spectrometer.

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-53



VOCs

Method TO-15

‘sprepue)s 13jsuern 1stued Surredaid (5) pue wagsAs FJurjdures 193stueo Supsa) (q) ‘wonrIqIEds WIISAS [eonATEUE (B)
J10J P[OJIUBWI PUE WID)SAS UOnRIqIEed JO WeIderp onewayss g ams3rg

JBprwny
8014
woyog—punoy
pJopuois w 00g
J3jsupy) Jasiuo) (2)
wa)sAg bundwog seysiun)
pazunssaid J0 pAPnNdoA3 (Q)

_ « (uw/7 05-0)

J8joJyuo) Jepuiky

043
anoA mO|4 SSOpN iy 0132
joauo)d . dwngy

= I

—

GAIOA
HO yS J8}IL4 _ _
uoya)

PIOJIUDN UORDIQIO) PAIORH

——
se (uw/Tw 0g-0)
\ 14 _uc_“%m_ J8||05u0)
abnog uoyjay Mo|J SSOp sepunk)

8JNSS3.g/WNNODA SD9 uonDIqID)
g
3 SN-D9 10
S Qid—023~Q14-29
-~ awi 0@y (o)

January 1999

Compendium of Methods for Toxic Organic Air Pollutants

Page 15-54



VYOCs

Method TO-15
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COMPENDIUM METHOD TO-15

SITE ADDRESS:

SAMPLING DATE:

B. SAMPLING INFORMATION

TEMPERATURE

CANISTER SAMPLING FIELD TEST DATA SHEET
A.GENERAL INFORMATION

SHIPPING DATE:
CANISTER SERIAL NO.:
SAMPLER ID:
OPERATOR:
CANISTER LEAK
CHECK DATE:
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INTERIOR
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STOP

SAMPLING TIMES

FLOW RATES

LOCAL TIME

ELAPSED TIME
METER READING

MANIFOLD CANISTER FLOW
FLOW RATE FLOW RATE CONTROLLER
READOUT

START

STOP

SAMPLING SYSTEM CERTIFICATION DATE:

QUARTERLY RECERTIFICATION DATE:

C. LABORATORY INFORMATION

DATA RECEIVED:
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INITIAL PRESSURE:

FINAL PRESSURE:

DILUTION FACTOR:

ANALYSIS
GC-FID-ECD DATE:

GC-MSD-SCAN DATE:

GC-MSD-SIM DATE:
RESULTS*:

GC-FID-ECD:

GC-MSD-SCAN:

GC-MSD-SIM:

SIGNATURE/TITLE

Figure 9. Canister sampling field test data sheet (FTDS).
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Figure 10. Canister cleaning system.
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Figure 11. Canister analysis utilizing GC/MS/SCAN/SIM analytical system with optional flame ionization detector with
6-port chromatographic valve in the sample desorption mode.
[Alternative analytical system illustrated in Figure 16.]
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Figure 12. Example of humid zero air test results for a clean sample canister
(a) and a contaminated sample canister (b).
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Figure 13. Diagram of design for internal standard addition.
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Figure 14. Water method of standard preparation in canisters.
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METHOD TO-13A

Determination of Polycyclic Aromatic Hydrocarbons (PAHS)
in Ambient Air Using Gas Chromatography/Mass Spectrometry (GC/MS)

1. Scope

1.1 Polycyclic aromatic hydrocarbons (PAHs) have received increased attention in recent years in air pollution
studies because some of these compounds are highly carcinogenic or mutagenic. In particular, benzo[a]pyrene
(B[a]P) has been identified as being highly carcinogenic. To understand the extent of human exposure to B[a]P
and other PAHES, reliable sampling and analytical methods are necessary. This document describes a sampling
and analysis procedure for common PAHs involving the use of a combination of quartz filter and sorbent
cartridge with subsequent analysis by gas chromatography with mass spectrometry (GC/MS) detection. The
analytical methods are modifications of EPA Test Method 610 and 625, Methods for Organic Chemical Analysis
of Municipal and Industrial Wastewater, and Methods 8000, 8270, and 8310, Test Methods for Evaluation of
Solid Waste.

1.2 Fluorescence methods were among the very first methods used for detection of B[a]P and other PAHs as
carcinogenic constituents of coal tar (1-7). Fluorescence methods are capable of measuring subnanogram
quantities of PAHs, but tend to be fairly non-selective. The normal spectra obtained are often intense and lack
resolution. Efforts to overcome this difficulty led to the use of ultraviolet (UV) absorption spectroscopy (8) as
the detection method coupled with pre-speciated techniques involving liquid chromatography (LC) and thin layer
chromatography (TLC) to isolate specific PAHs, particularly B[a]P. As with fluorescence spectroscopy, the
individual spectra for various PAHs are unique, although portions of spectra for different compounds may be the
same. As with fluorescence techniques, the possibility of spectral overlap requires complete separation of sample
components to ensure accurate measurement of component levels. Hence, the use of UV absorption coupled with
pre-speciation involving LC and TLC and fluorescence spectroscopy declined and was replaced with the more
sensitive high performance liquid chromatography (HPL.C) with UV/fluorescence detection (9) or highly sensitive
and specific gas chromatography/mass spectrometry (GC/MS) for detection (10-11).

1.3 The choice of GC/MS as the recommended procedure for analysis of B[a]P and other PAHs was influenced
by its sensitivity and selectivity, along with its ability to analyze complex samples.

1.4 The analytical methodology has consequently been defined, but the sampling procedures can reduce the
validity of the analytical results. Recent studies (12-17) have indicated that non-volatile PAHs (vapor pressure
<10 mm Hg) may be trapped on the filter, but post-collection volatilization problems may distribute the PAHs
downstream of the filter to the back-up sorbent. A wide variety of sorbents such as Tenax®, XAD-2® and
polyurethane foam (PUF) have been used to sample common PAHs. All sorbents have demonstrated high
collection efficiency for B[a]P in particular. In general, XAD-2® resin has a higher collection efficiency (18-21)
for volatile PAHs than PUF, as well as a higher retention efficiency. PUF cartridges, however, are easier to
handle in the field and maintain better flow characteristics during sampling. Likewise, PUF has demonstrated
(22) its capability in sampling organochlorine pesticides, polychlorinated biphenyls (22), and polychlorinated
dibenzo-p-dioxins (23). PUF also has demonstrated a lower recovery efficiency and storage capability for
naphthalene than XAD-2®. There have been no significant losses of PAHs up to 30 days of storage at room
temperature (23 °C) using XAD-2®. It also appears that XAD-2® resin has a higher collection efficiency for
volatile PAHs than PUF, as well as a higher retention efficiency for both volatile and reactive PAHs.
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Consequently, while the literature cites weaknesses and strengths of using either XAD-2® or PUF, this method
includes the utilization of PUF as the primary sorbent.

1.5 This method includes the qualitative and quantitative analysis of the following PAHs (see Figure 1)
specifically by utilizing PUF as the sorbent followed by GC/MS analysis:

Acenaphthene (low collection efficiency; Coronene

see Section 6.1.3) Dibenz(a,h)anthracene
Acenaphthylene (low collection efficiency; Fluoranthene

see Section 6.1.3) Fluorene
Anthracene Benzo(b)fluoranthene
Benz(a)anthracene Indeno(1,2,3-cd)pyrene
Benzo(a)pyrene Naphthalene (low collection efficiency;
Benzo(e)pyrene see Section 6.1.3)
Benzo(g,h,i)perylene Phenanthrene
Benzo(k)fluoranthene Pyrene
Chrysene Perylene

The GC/MS method is applicable to the determination of PAHs compounds involving three

member rings or higher. Naphthalene, acenaphthylene, and acenaphthene have only ~35 percent recovery when
using PUF as the sorbent. Nitro-PAHs have not been fully evaluated using this procedure; therefore, they are
not included in this method.

1.6 With optimization to reagent purity and analytical conditions, the detection limits for the GC/MS method
range from 1 ng to 10 pg based on field experience.

2. Summary of Method

2.1 Filters and sorbent cartridges (containing PUF or XAD-2®) are cleaned in solvents and vacuum dried. The
filters and sorbent cartridges are stored in screw-capped jars wrapped in aluminum foil (or otherwise protected
from light) before careful installation on the sampler.

2.2 Approximately 300 m’ of air is drawn through the filter and sorbent cartridge using a high-volume flow rate
air sampler or equivalent.

2.3 The amount of air sampled through the filter and sorbent cartridge is recorded, and the filter and cartridge
are placed in an appropriately labeled container and shipped along with blank filter and sorbent cartridges to the
analytical laboratory for analysis.

2.4 The filters and sorbent cartridge are extracted by Soxhlet extraction with appropriate solvent. The extract
is concentrated by Kuderna-Danish (K-D) evaporator, followed by silica gel cleanup using column
chromatography to remove potential interferences prior to analysis by GC/MS.

2.5 The eluent is further concentrated by K-D evaporation, then analyzed by GC/MS. The analytical system is
verified to be operating properly and calibrated with five concentration calibration solutions.
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2.6 A preliminary analysis of the sample extract is performed to check the system performance and to ensure that
the samples are within the calibration range of the instrument. If the preliminary analysis indicates non-
performance, then recalibrate the instrument, adjust the amount of the sample injected, adjust the calibration
solution concentration, and adjust the data processing system to reflect observed retention times, etc.

2.7 The samples and the blanks are analyzed and used (along with the amount of air sampled) to calculate the
concentration of PAHs in the air sample.

3. Significance

3.1 As discussed in Section 1, several documents have been published that describe sampling and analytical
approaches for common PAHs. The attractive features of these methods have been combined in this procedure.
Although this method has been validated in the laboratory, one must use caution when employing it for specific
applications.

3.2 Because of the relatively low levels of common PAHs in the environment, the methodology suggest the use
of high volume (0.22 m*/min) sampling technique to acquire sufficient sample for analysis. However, the
volatility of certain PAHs prevents efficient collection on filter media alone. Consequently, this method utilizes
both a filter and a backup sorbent cartridge, which provides for efficient collection of most PAHs involving three
member rings or higher.

4. Applicable Documents
4.1 ASTM Standards

* Method D1356 Definitions of Terms Relating to Atmospheric Sampling and Analysis.

* Method 4861-94 Standard Practice for Sampling and Analysis of Pesticides and Polychlorinated
Biphenyl in Air

* Method E260 Recommended Practice for General Gas Chromatography Procedures.

* Method E355 Practice for Gas Chromatography Terms and Relationships.

* Method E682 Practice for Liquid Chromatography Terms and Relationships.

4.2 EPA Documents

* Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA-600/4-83-027, June 1983.

* Quality Assurance Handbook for Air Pollution Measurement Systems, U. S. Environmental Protection
Agency, EPA-600/R-94-038b, May 1994.

* Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:
Method TO-13, Second Supplement, U. S. Environmental Protection Agency, EPA-600/-4-89-018,
March 1989.
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4.3 Other Documents

* Existing Procedures (24-32).

* Ambient Air Studies (33-50).

* General Metal Works, Inc., "Operating Procedures for Model PS-1 Sampler," Village of Cleves, OH
45002 (800-543-7412).

* Illinois Environmental Protection Agency, Division of Air Quality, "Chicago Air Quality: PCB Air
Monitoring Plan (Phase 2)," Chicago, IL, IEAP/APC/86/011, April 1986.

* Thermo Environmental, Inc. (formerly Wedding and Associates), "Operating Procedures for the Thermo
Environmental Semi-Volatile Sampler," 8 West Forge Parkway, Franklin, MA 02038 (508-520-0430).

* American Chemical Society (ACS), "Sampling for Organic Chemicals in Air," ACS Professional Book,
ACS, Washington, D.C., 1996.

* International Organization for Standardization (ISO), "Determination of Gas and Particle-Phase
Polynuclear Aromatic Hydrocarbons in Ambient Air - Collected on Sorbent-Backed Filters with Gas
Chromatographic/Mass Spectrometric Analysis," ISO/TC 146/SC 3/WG 17N, Case Postale 56,
CH-1211, Genéve 20, Switzerland.

5. Definitions

[Note: Definitions used in this document and in any user-prepared standard operating procedures (SOPs)
should be consistent with ASTM Methods D1356, E260, and E255. All abbreviations and symbols are defined
within this document at point of use.]

5.1 Retention time (RT)-time to elute a specific chemical from a chromatographic column. For a specific carrier
gas flow rate, RT is measured from the time the chemical is injected into the gas stream until it appears at the
detector.

5.2 Sampling efficiency (SE)-ability of the sampler to trap and retain PAHs. The %SE is the percentage of the
analyte of interest collected and retained by the sampling medium when it is introduced into the air sampler and
the sampler is operated under normal conditions for a period of time equal to or greater than that required for the
intended use.

5.3 Dynamic retention efficiency-ability of the sampling medium to retain a given PAH that has been added
to the sorbent trap in a spiking solution when air is drawn through the sampler under normal conditions for a
period of time equal to or greater than that required for the intended use.

5.4 Polycyclic aromatic hydrocarbons (PAHSs)-two or more fused aromatic rings.

5.5 Method detection limit (MDL)-the minimum concentration of a substance that can be measured and
reported with confidence and that the value is above zero.

5.6 Kuderna-Danish apparatus-the Kuderna-Danish (K-D) apparatus is a system for concentrating materials
dissolved in volatile solvents.

5.7 MS-SCAN:-the GC is coupled to a mass spectrometer where the instrument is programmed to acquire all ion
data.
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5.8 Sublimation-the direct passage of a substance from the solid state to the gaseous state and back into the
solid form without at any time appearing in the liquid state. Also applied to the conversion of solid to vapor
without the later return to solid state, and to a conversion directly from the vapor phase to the solid state.

5.9 Surrogate standard-a chemically inert compound (not expected to occur in the environmental sample) that
is added to each sample, blank, and matrix-spiked sample before extraction and analysis. The recovery of the
surrogate standard is used to monitor unusual matrix effects, gross sample processing errors, etc. Surrogate
recovery is evaluated for acceptance by determining whether the measured concentration falls within acceptable
limits.

5.10 CAlL-calibration standards are defined as five levels of calibration: CAL 1, CAL 2, CAL 3, CAL 4, and
CAL 5. CAL 1 is the lowest concentration and CAL 5 is the highest concentration. CAL 3, which is the mid-
level standard, is designated as the solution to be used for continuing calibrations.

5.11 Continuing calibration check-a solution of method analytes used to evaluate the mass spectrometer
response over a period of time. A continuing calibration check (CCC) is performed once each 12-hour period.
The CCC solution (CAL 3) is the standard of the calibration curve.

5.12 GC Response (A,)-the peak area or height of analyte, x.

5.13 Internal standard (IS)-a compound added to a sample extract in known amounts and used to calibrate
concentration measurements of other compounds that are sample components. The internal standard must be a
compound that is not a sample component.

6. Limitations and Interferences
6.1 Limitations

6.1.1 PAHs span a broad spectrum of vapor pressures (e.g., from 1.1 x 10?2 kPa for naphthalene to 2 x
10 kPa for coronene at 25°C). PAHs that are frequently found in ambient air are listed in Table 1. Those with
vapor pressures above approximately 10 kPa will be present in the ambient air substantially distributed between
the gas and particulate phases. This method will permit the collection of both phases.

6.1.2 Particulate-phase PAHs will tend to be lost from the particle filter during sampling due to
volatilization. Therefore, separate analysis of the filter will not reflect the concentrations of the PAHs originally
associated with particles, nor will analysis of the sorbent provide an accurate measure of the gas phase.
Consequently, this method calls for extraction of the filter and sorbent together to permit accurate measurement
of total PAH air concentrations.

6.1.3 Naphthalene, acenaphthylene, and acenaphthene possess relatively high vapor pressures and may
not be efficiently trapped by this method when using PUF as the sorbent. The sampling efficiency for
naphthalene has been determined to be about 35 percent for PUF. The user is encouraged to use XAD-2® as the
sorbent if these analytes are part of the target compound list (TCL).

6.2 Interferences
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6.2.1 Method interferences may be caused by contaminants in solvents, reagents, glassware, and other
sample processing hardware that result in discrete artifacts and/or elevated baselines in the detector profiles. All
of these materials must be routinely demonstrated to be free from interferences under the conditions of the
analysis by running laboratory reagent blanks.

6.2.2 Glassware must be scrupulously cleaned (51). All glassware should be cleaned as soon as possible
after use by rinsing with the last solvent used in it and then high-purity acetone and hexane. These rinses should
be followed by detergent washing with hot water and rinsing with copious amounts of tap water and several
portions of reagent water. The glassware should then be drained dry and heated in a muffle furnace at 400°C for
four hours. Volumetric glassware must not be heated in a muffle furnace; rather it should be solvent rinsed with
acetone and spectrographic grade hexane. After drying and rinsing, glassware should be sealed and stored in a
clean environment to prevent any accumulation of dust or other contaminants. Glassware should be stored
inverted or capped with aluminum foil.

[Note: The glassware may be further cleaned by placing in a muffle furnace at 450°C for 8 hours to remove
trace organics.]

6.2.3 The use of high purity water, reagents, and solvents helps to minimize interference problems.
Purification of solvents by distillation in all-glass systems may be required.

6.2.4 Matrix interferences may be caused by contaminants that are coextracted from the sample. Additional
clean-up by column chromatography may be required (see Section 12.3).

6.2.5 During sample transport and analysis, heat, ozone, NO,, and ultraviolet (UV) light may cause sample
degradation. Incandescent or UV-shielded fluorescent lighting in the laboratory should be used during analysis.

6.2.6 The extent of interferences that may be encountered using GC/MS techniques has not been fully
assessed. Although GC conditions described allow for unique resolution of the specific PAH compounds covered
by this method, other PAH compounds may interfere. The use of column chromatography for sample clean-up
prior to GC analysis will eliminate most of these interferences. The analytical system must, however, be routinely
demonstrated to be free of internal contaminants such as contaminated solvents, glassware, or other reagents
which may lead to method interferences. A laboratory reagent blank should be analyzed for each reagent used
to determine if reagents are contaminant-free.

6.2.7 Concern about sample degradation during sample transport and analysis was mentioned above. Heat,
ozone, NO,, and ultraviolet (UV) light also may cause sample degradation. These problems should be addressed
as part of the user-prepared standard operating procedure (SOP) manual. Where possible, incandescent or UV-
shielded fluorescent lighting should be used during analysis. During transport, field samples should be shipped
back to the laboratory chilled (~4°C) using blue ice/dry ice.

7. Safety

7.1 The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; however,
each chemical compound should be treated as a potential health hazard. From this viewpoint, exposure to these
chemicals must be reduced to the lowest possible level by whatever means available. The laboratory is
responsible for maintaining a current awareness file of Occupational Safety and Health Administration (OSHA)
regulations regarding the safe handling of the chemicals specified in this method. A reference file of material
safety data sheets (MSDSs) should also be made available to all personnel involved in the chemical analysis.
Additional references to laboratory safety are available and are included in the reference list (52-54).
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7.2 Bfa]P has been tentatively classified as a known or suspected, human or mammalian carcinogen. Many of
the other PAHs have been classified as carcinogens. Care must be exercised when working with these substances.
This method does not purport to address all of the safety problems associated with its use. It is the responsibility
of whomever uses this method to consult and establish appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. The user should be thoroughly familiar with the chemical and
physical properties of targeted substances (see Table 1 and Figure 1).

7.3 All PAHs should be treated as carcinogens. Neat compounds should be weighed in a glove box. Spent
samples and unused standards are toxic waste and should be disposed according to regulations. Counter tops and
equipment should be regularly checked with "black light" for fluorescence as an indicator of contamination.

7.4 The sampling configuration (filter and backup sorbent) and collection efficiency for target PAHs has been
demonstrated to be greater than 95 percent (except for naphthalene, acenaphthylene ‘and acenaphthene).
Therefore, no field recovery evaluation will be required as part of this procedure.

[Note: Naphthalene, acenaphthylene and acenaphthene have demonstrated significant breakthrough using
PUF cartridges, especially at summer ambient temperatures. If naphthalene, acenaphthylene and
acenaphthene are target PAHs, the user may want to consider replacing the PUF with XAD-2® in order to
minimize breakthrough during sampling.]

8. Apparatus

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in the use of this equipment during various field-
monitoring programs over the last several years. Other manufacturers' equipment should work as well;
however, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

8.1 Sampling

8.1.1 High-volume sampler (see Figure 2). Capable of pulling ambient air through the filter/sorbent
cartridge at a flow rate of approximately 8 standard cubic feet per minute (scfm) (0.225 std m*/min) to obtain
a total sample volume of greater than 300 m® over a 24-hour period. Major manufacturers are:

¢ Tisch Environmental, Village of Cleves, OH
* Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
* Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

Recent EPA studies have concluded that sample volumes Jess than 300 m? still collect enough PAHs on
the filter/PUF for quantitation. The user is encouraged to investigate appropriate sample volume needed to meet
project specific data quality objectives.

8.1.2 Sampling module (see Figure 3). Metal filter holder (Part 2) capable of holding a 102-mm circular
particle filter supported by a 16-mesh stainless-steel screen and attaching to a metal cylinder (Part 1) capable of
holding a 65-mm O.D. (60-mm I.D.) x 125-mm borosilicate glass sorbent cartridge containing PUF or XAD-2®.
The filter holder is equipped with inert sealing gaskets (e.g., polytetrafluorethylene) placed on either side of the
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filter. Likewise, inert, pliable gaskets (e.g., silicone rubber) are used to provide an air-tight seal at each end of
the glass sorbent cartridge. The glass sorbent cartridge is indented 20 mm from the lower end to provide a
support for a 16-mesh stainless-steel screen that holds the sorbent. The glass sorbent cartridge fits into Part 1,
which is screwed onto Part 2 until the sorbent cartridge is sealed between the silicone gaskets. Major
manufacturers are:

+ Tisch Environmental, Village of Cleves, OH
* Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
* Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.1.3 High-volume sampler calibrator. Capable of providing multipoint resistance for the high-volume
sampler. Major manufacturers are:

* Tisch Environmental, Village of Cleves, OH
* Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
* Thermo Environmental Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.1.4 Ice chest. To hold samples at 4°C or below during shipment to the laboratory after collection.
8.1.5 Data sheets. Used for each sample to record the location and sample time, duration of sample,
starting time, and volume of air sampled.

8.2 Sample Clean-Up and Concentration (see Figure 4).

8.2.1 Soxhlet apparatus extractor (see Figure 4a). Capable of extracting filter and sorbent cartridges
(5.75-cm x 12.5-cm length), 1,000 mL flask, and condenser, best source.

8.2.2 Pyrex glass tube furnace system. For activating silica gel at 180°C under purified nitrogen gas
purge for an hour, with capability of raising temperature gradually, best source.

8.2.3 Glass vial. 40 mL, best source.

8.2.4 Erlenmeyer flask. 50 mL, best source.

[Note: Reuse of glassware should be minimized to avoid the risk of cross contamination. All glassware that
is used must be scrupulously cleaned as soon as possible after use. Rinse glassware with the last solvent used
in it and then with high-purity acetone and hexane. Wash with hot water containing detergent. Rinse with
copious amounts of tap water and several portions of distilled water. Drain, dry, and heat in a muffle furnace
at 400°C for 4 hours. Volumetric glassware must not be heated in a muffle furnace; rather, it should be
rinsed with high-purity acetone and hexane. Afier the glassware is dry and cool, rinse it with hexane, and
store it inverted or capped with solvent-rinsed aluminum foil in a clean environment.]

8.2.5 White cotton gloves. For handling cartridges and filters, best source.

8.2.6 Minivials. 2 mL, borosilicate glass, with conical reservoir and screw caps lined with Teflon®-faced
silicone disks, and a vial holder, best source.

8.2.7 Teflon®-coated stainless steel spatulas and spoons. Best source.

8.2.8 Kuderna-Danish (K-D) apparatus (see Figure 4b). 500 mL evaporation flask (Kontes K-570001-
500 or equivalent), 10 mL graduated concentrator tubes (Kontes K570050-1025 or equivalent) with ground-glass
stoppers, 1 mL calibrated K-D concentration tubes, and 3-ball macro Snyder Column (Kontes K-570010500, K-
50300-0121, and K-569001-219, or equivalent), best source.

8.2.9 Adsorption column for column chromatography (see Figure 4c). 1-cm x 10-cm with stands.
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8.2.10 Glove box. For working with extremely toxic standards and reagents with explosion-proof hood
for venting fumes from solvents, reagents, etc.

8.2.11 Vacuum oven. Vacuum drying oven system capable of maintaining a vacuum at 240 torr (flushed
with nitrogen) overnight.

8.2.12 Concentrator tubes and a nitrogen evaporation apparatus with variable flow rate. Best
source.

8.2.13 Laboratory refrigerator. Best source.

8.2.14 Boiling chips. Solvent extracted, 10/40 mesh silicon carbide or equivalent, best source.

8.2.15 Water bath. Heated, with concentric ring cover, capable of £5 °C temperature control, best source.

8.2.16 Nitrogen evaporation apparatus. Best source.

8.2.17 Glass wool. High grade, best source.

8.3 Sample Analysis

8.3.1 Gas Chromatography with Mass Spectrometry Detection Coupled with Data Processing
System (GC/MS/DS). The gas chromatograph must be equipped for temperature programming, and all required
accessories must be available, including syringes, gases, and a capillary column. The gas chromatograph injection
port must be designed for capillary columns. The use of splitless injection techniques is recommended. On-
column injection techniques can be used, but they may severely reduce column lifetime for nonchemically bonded
columns. In this protocol, a 2 pL injection volume is used consistently to maximize auto sampler reproducibility.
With some gas chromatograph injection ports, however, 1 pL injections may produce some improvement in
precision and chromatographic separation. A 1 pl. injection volume may be used if adequate sensitivity and
precision can be achieved.

[Note: If 1 uL is used as the injection volume, the injection volumes for all extracts, blanks, calibration
solutions and performance check samples must be I uL.]

All GC carrier gas lines must be constructed from stainless steel or copper tubing. Poly-tetrafluoroethylene
(PTFE) thread sealants or flow controllers should only be used.

8.3.2 Gas chromatograph-mass spectrometer interface. The GC is usually coupled directly to the MS
source. The interface may include a diverter valve for shunting the column effluent and isolating the mass
spectrometer source. All components of the interface should be glass or glass-lined stainless steel. Glass can
be deactivated by silanizing with dichorodimethylsilane. The interface components should be compatible with
320°C temperatures. Cold spots and/or active surfaces (adsorption sites) in the GC/MS interface can cause peak
tailing and peak broadening. It is recommended that the GC column be fitted directly into the MS source.
Graphite ferrules should be avoided in the gas chromatograph injection area since they may adsorb PAHs.
Vespel® or equivalent ferrules are recommended.

8.3.3 Mass spectrometer. The MS should be operated in the full range data acquisition (SCAN) mode
with a total cycle time (including voltage reset time) of one second or less (see Section 13.3.2). Operation of the
MS in the SCAN mode allows monitoring of all ions, thus assisting with the identification of other PAHs beyond
Compendium Method TO-13A target analyte list. In addition, operating in the SCAN mode assists the analyst
with identification of possible interferences from non-target analytes due to accessibility of the complete mass
spectrum in the investigative process. The MS must be capable of scanning from 35 to 500 amu every 1 sec or
less, using 70 volts (nominal) electron energy in the electron impact (EI) ionization mode. The mass spectrometer
must be capable of producing a mass spectrum for a 50 ng injection of decafluorotriphyenyl phosphine (DFTPP)
which meets all of the response criteria (see Section 13.3.3). To ensure sufficient precision of mass spectral data,
the MS scan rate must allow acquisition of at least five scans while a sample compound elutes from the GC. The
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GC/MS system must be in a room with atmosphere demonstrated to be free of all potential contaminants which
will interfere with the analysis. The instrument must be vented outside the facility or to a trapping system which
prevents the release of contaminants into the instrument room.

8.3.4 Data system. A dedicated computer data system is employed to control the rapid multiple ion
monitoring process and to acquire the data. Quantification data (peak areas or peak heights) and multi-ion
detector (MID) traces (displays of intensities of each m/z being monitored as a function of time) must be acquired
during the analyses. Quantifications may be reported based upon computer generated peak areas or upon
measured peak heights (chart recording). The detector zero setting must allow peak-to-peak measurement of the
noise on the baseline. The computer should have software that allows searching the GC/MS data file for ions
of a specific mass and plotting such ion abundances versus time or scan number. This type of plot is defined as
Selected Ion Current Profile (SICP). The software used must allow integrating the abundance in any SICP
between specified time or scan number limits. The data system should be capable of flagging all data files that
have been edited manually by laboratory personnel.

8.3.5 Gas chromatograph column. A fused silica DB-5 column (30 m x 0.32 mm 1D.) crosslinked
5 percent phenyl methylsilicone, 1.0 pm film thickness is utilized to separate individual PAHs. Other columns
may be used for determination of PAHs. Minimum acceptance criteria must be determined as per Section 13.3.
At the beginning of each 12-hour period (after mass resolution has been demonstrated) during which sample
extracts or concentration calibration solutions will be analyzed, column operating conditions must be attained
for the required separation on the column to be used for samples.

8.3.6 Balance. Mettler balance or equivalent.

8.3.7 All required syringes, gases, and other pertinent supplies. To operate the GC/MS system.

8.3.8 Pipettes, micropipettes, syringes, burets, etc. Used to make calibration and spiking solutions,
dilute samples if necessary, etc., including syringes for accurately measuring volumes such as 25 pL and 100 pL.

9. Equipment and Materials
9.1 Materials for Sample Collection (see Figure 3)

9.1.1 Quartz fiber filter. 102 millimeter binderless quartz microfiber filter, Whatman Inc., 6 Just Road,
Fairfield, NJ 07004, Filter Type QMA-4.

9.1.2 Polyurethane foam (PUF) plugs (see Figure 5a). 3-inch thick sheet stock polyurethane type
(density .022 g/cm’). The PUF should be of the polyether type used for fumiture upholstery, pillows, and
mattresses. The PUF cylinders (plugs) should be slightly larger in diameter than the internal diameter of the
cartridge. Sources of equipment are Tisch Environmental, Village of Cleves, OH; University Research
Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC; Thermo Environmental Instruments, Inc., 8 West Forge
Parkway, Franklin, MA; Supelco, Supelco Park, Bellefonte, PA; and SKC Inc., 334 Valley View Road, Eighty
Four, PA.

9.1.3 XAD-2® resin (optional). Supelco, Supelco Park, Bellefonte, PA.

9.1.4 Teflon® end caps (see Figure 5a). For sample cartridge; sources of equipment are Tisch
Environmental, Village of Cleves, OH; and University Research Glassware, 116 S. Merritt Mill Road, Chapel
Hill, NC.

9.1.5 Sample cartridge aluminum shipping containers (see Figure 5b). For sample cartridge shipping;
sources of equipment are Tisch Environmental, Village of Cleves, OH; and University Research Glassware, 116
S. Merritt Mill Road, Chapel Hill, NC.
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9.1.6 Glass sample cartridge (see Figure 5a). For sample collection; sources of equipment are Tisch
Environmental, Village of Cleves, OH; Thermo Environmental Instruments, Inc., 8 West Forge Parkway,
Franklin, MA; and University Research Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC.

9.1.7 Aluminum feil. Best source.

9.1.8 Hexane, reagent grade. Best source.

9.2 Sample Clean-up and Concentration

9.2.1 Methylene chloride (extraction solvent for XAD-2®; optional). Chromatographic grade, glass-
distilled, best source.

9.2.2 Sodium sulfate-anhydrous (ACS). Granular (purified by washing with methylene chloride followed
by heating at 400°C for 4 hours in a shallow tray).

9.2.3 Boiling chips. Solvent extracted or heated in a muffle furnace at 450°C for 2 hours, approximately
10/40 mesh (silicon carbide or equivalent).

9.2.4 Nitrogen. High purity grade, best source.

9.2.5 Hexane. Chromatographic grade, glass-distilled, best source (extraction solvent for PUF).

9.2.6 Glass wool. Silanized, extracted with methylene chloride and hexane, and dried.

9.2.7 Diethyl ether. High purity, glass distilled (extraction solvent for PUF).

9.2.8 Pentane. High purity, glass distilled.

9.2.9 Silica gel. High purity, type 60, 70-230 mesh.

9.3 GC/MS Sample Analysis

9.3.1 Gas cylinder of helium. Ultra high purity, best source.

9.3.2 Chromatographic-grade stainless steel tubing and stainless steel fitting. For interconnections,
Alltech Applied Science, 2051 Waukegan Road, Deerfield, IL 60015, 312-948-8600, or equivalent.

[Note: All such materials in contact with the sample, analyte, or support gases prior to analysis should be
stainless steel or other inert metal. Do not use plastic or Teflon® tubing or fittings.]

9.3.3 Native and isotopically labeled PAH isomers for calibration and spiking standards. Cambridge
Isotopes, 20 Commerce Way, Woburn, MA 01801 (617-547-1818). Suggested isotopically labeled PAH isomers
are:  Dj,-fluoranthene, I}, -benzo(a)pyrene, | -fluorene, ;D -pyrene,, D -perylene,, D -acenaphthene,
D,,-chrysene, Dg-naphthalene and D, -phenanthrene.

9.3.4 Decafluorotriphenylphosphine (DFTPP). Used for tuning GC/MS, best source.

9.3.5 Native stock pure standard PAH analytes. For developing calibration curve for GC/MS analysis,
best source.

10. Preparation of PUF Sampling Cartridge

[Note: This method was developed using the PS-1 sample cartridge provider by General Metal Works, Village
of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field monitoring
program over the last several years. Other manufacturers’ equipment should work as well; however,
modifications to these procedures may be necessary if another commercially available sampler is selected.]
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10.1 Summary of Method

10.1.1 This part of the procedure discusses pertinent information regarding the preparation and cleaning
of the filter, sorbent, and filter/sorbent cartridge assembly. The separate batches of filters and sorbents are
extracted with the appropriate solvent.

10.1.2 At least one PUF cartridge assembly and one filter from each batch, or 10 percent of the batch,
whichever is greater, should be tested and certified before the batch is considered for field use.

10.1.3 Prior to sampling, the cartridges are spiked with field surrogate compounds.

10.2 Preparation of Sampling Cartridge

10.2.1 Bake the Whatman QMA-4 quartz filters at 400°C for 5 hours before use.

10.2.2 Set aside the filters in a clean container for shipment to the field or prior to combining with the PUF
glass cartridge assembly for certification prior to field deployment.

10.2.3 The PUF plugs are 6.0-cm diameter cylindrical plugs cut from 3-inch sheet stock and should fit,
with slight compression, in the glass cartridge, supported by the wire screen (see Figure 5a). During cutting,
rotate the die at high speed (e.g., in a drill press) and continuously lubricate with deionized or distilled water. Pre-
cleaned PUF plugs can be obtained from commercial sources (see Section 9.1.2).

10.2.4 For initial cleanup, place the PUF plugs in a Soxhlet apparatus and extract with acetone for
16 hours at approximately 4 cycles per hour. When cartridges are reused, use diethyl ether/hexane (5 to
10 percent volume/volume [v/v]) as the cleanup solvent.

[Note: A modified PUF cleanup procedure can be used to remove unknown interference components of the
PUF blank. This method consists of rinsing 50 times with toluene, acetone, and diethyl ether/hexane (5 to
10 percent v/v), followed by Soxhlet extraction. The extracted PUF is placed in a vacuum oven connected to
a water aspirator and dried at room temperature for approximately 2 to 4 hours (until no solvent odor is
detected). The extract from the Soxhlet extraction procedure from each batch may be analyzed to determine
initial cleanliness prior to certification.]

10.2.5 If using XAD-2® in the cartridge, initial cleanup of the resin is performed by placing approximately
50-60 grams in a Soxhlet apparatus and extracting with methylene chloride for 16 hours at approximately 4
cycles per hour. At the end of the initial Soxhlet extraction, the spent methylene chloride is discarded and
replaced with a fresh reagent. The XAD-2® resin is once again extracted for 16 hours at approximately 4 cycles
per hour. The XAD-2® resin is removed from the Soxhlet apparatus, placed in a vacuum oven connected to an
ultra-pure nitrogen gas stream, and dried at room temperature for approximately 2-4 hours (until no solvent odor
is detected).

10.2.6 Fit a nickel or stainless steel screen (mesh size 200/200) to the bottom of a hexane-rinsed glass
sampling cartridge to retain the PUF or XAD-2® sorbents, as illustrated in Figure 5a. If using XAD-2® alone,
then place a small diameter (~1/4") PUF plug on top of the nickel or stainless steel screen to retain the XAD-2®
in the glass cartridge. Place the Soxhlet-extracted, vacuum-dried PUF (2.5-cm thick by 6.5-cm diameter) on top
of the screen in the glass sampling cartridge using polyester gloves. Place ~200 g of the clean XAD-2® inside
the glass sampling cartridge on top of the small diameter PUF plug.

10.2.7 Wrap the sampling cartridge with hexane-rinsed aluminum foil, cap with the Teflon® end caps
(optional), place in a cleaned labeled aluminum shipping container, and seal with Teflon® tape. Analyze at least
1 cartridge from each batch of cartridges prepared using the procedure described in Section 10.3, before the batch
is considered acceptable for field use.
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The acceptance level of the cartridge is for each target PAH analyte to be less than or equal to the detection
limit requirements to meet the project data quality objectives. It is generally not possible to eliminate the presence
of naphthalene, but the amount detected on the cleaned PUF cartridge should be less than five times the
concentration of the lowest calibration standard (~500 ng). This amount is insignificant compared to the amount
collected from a typical air sample.

In general, the following guidelines are provided in determining whether a cartridge is clean for field use:

* Naphthalene <500 ng/cartridge
* Other PAHs <200 ng total/cartridge

10.3 Procedure for Certification of PUF Cartridge Assembly

[Note: The following procedure outlines the certification of a filter and PUF cartridge assembly. If using
XAD-2® as the sorbent, the procedure remains the same, except the solvent is methylene chloride rather than
10 percent diethyl ether/hexane.]

10.3.1 Extract one filter and PUF sorbent cartridge by Soxhlet extraction and concentrate using a K-D
evaporator for each lot of filters and cartridges sent to the field.

10.3.2 Assemble the Soxhlet apparatus. Charge the Soxhlet apparatus (see Figure 4a) with 700 mL of
the extraction solvent (10 percent v/v diethyl ether/hexane) and reflux for 2 hours. Let the apparatus cool,
disassemble it, and discard the used extraction solvent. Transfer the filter and PUF glass cartridge to the Soxhlet
apparatus (the use of an extraction thimble is optional).

[Note: The filter and sorbent assembly are tested together in order to reach detection limits, to minimize cost
and to prevent misinterpretation of the data. Separate analyses of the filter and PUF would not yield useful
information about the physical state of most of the PAHs at the time of sampling due to evaporative losses
from the filter during sampling.]

10.3.3 Add between 300 and 350 mL of diethyl ether/hexane (10 percent v/v) to the Soxhlet apparatus.
Reflux the sample for 18 hours at a rate of at least 3 cycles per hour. Allow to cool, then disassemble the
apparatus.

10.3.4 Assemble a K-D concentrator (see Figure 4b) by attaching a 10-mL concentrator tube to a 500-mL
evaporative flask.

10.3.5 Transfer the extract by pouring it through a drying column containing about 10 cm of anhydrous
granular sodium sulfate (see Figure 4c) and collect the extract in the K-D concentrator. Rinse the Erlenmeyer
flask and column with 20 to 30 mL of 10 percent diethyl ether/hexane to complete the quantitative transfer.

10.3.6 Add one or two clean boiling chips and attach a 3-ball Snyder column to the evaporative flask. Pre-
wet the Snyder column by adding about 1 mL of the extraction solvent to the top of the column. Place the K-D
apparatus on a hot water bath (~50°C) so that the concentrator tube is partially immersed in the hot water, and
the entire lower rounded surface of the flask is bathed with hot vapor. Adjust the vertical position of the
apparatus and the water temperature as required to complete the concentration in 1 hour. At the proper rate of
distillation, the balls of the column will actively chatter, but the chambers will not flood with condensed solvent.
When the apparent volume of liquid reaches approximately S mL, remove the K-D apparatus from the water bath
and allow it to drain and cool for at least 5 minutes. Remove the Snyder column and rinse the flask and its lower
joint into the concentrator tube with 5 mL of cyclohexane. A 1-mL syringe is recommended for this operation.

10.3.7 Concentrate the extract to 5 mL and analyze using GC/MS.
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10.3.8 The acceptance level of the cartridge is for each target PAH analyte to be less than or equal to the
detection limit requirements to meet the project data qulity objectives. It is generally not possible to eliminate
the presence of naphthalene, but the amount detected on the cleaned PUF cartridge should be less than five times
the concentration of the lowest calibration standard (~500 ng). This amount is insignificant compared to the
amount collected from a typical air sample.

In general, the following guidelines are provided in determining whether a cartridge is clean for field use:

* Naphthalene <500 ng/cartridge
* Other PAHs <200 ng total/cartridge

Cartridges are considered clean for up to 30 days from date of certification when sealed in their containers.
10.4 Deployment of Cartridges for Field Sampling

10.4.1 Immediately prior to field deployment, add surrogate compounds (i.e., chemically inert compounds
not expected to occur in an environmental sample) to the center of the PUF cartridge, using a microsyringe. Spike
20 uL of a 50 ug/mL solution of the surrogates onto the center bed of the PUF trap to yield a final concentration
of 1 ug. The surrogate compounds must be added to each cartridge assembly. The following field surrogate
compounds should be added to each PUF cartridge prior to field deployment to monitor matrix effects,
breakthrough, etc.

Field Surrogate Compound Total Spiked Amount (ug)
D,¢-Fluoranthene 1
D,,-Benzo(a)pyrene 1

Fill out a "chain-of-custody" indicating cartridge number, surrogate concentration, date of cartridge certification,
etc. The chain-of-custody must accompany the cartridge to the field and return to the laboratory.

10.4.2 Use the recoveries of the surrogate compounds to monitor for unusual matrix effects and gross sample
processing errors. Evaluate surrogate recovery for acceptance by determining whether the measured concentration
falls within the acceptance limits of 60-120 percent.

10.4.3 Cartridges are placed in their shipping containers and shipped to the field. Blank cartridges do not
need to be chilled when shipping to the field until after exposure to ambient air.

11. Assembly, Calibration, and Collection Using Sampling System

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in the use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well;
however, modifications to these procedures may be necessary if another commercially available sampler is
selected.]
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11.1 Sampling Apparatus

The entire sampling system is diagrammed in Figure 2. This apparatus was developed to operate at a rate of 4
to 10 scfm (0.114 to 0.285 std m*/min) and is used by EPA for high-volume sampling of ambient air. The
method write-up presents the use of this device.

The sampling module (see Figure 3) consists of a filter and a glass sampling cartridge containing the PUF utilized
to concentrate PAHs from the air. A field portable unit has been developed by EPA (see Figure 6).

11.2 Calibration of Sampling System

Each sampler should be calibrated (1) when new, (2) after major repairs or maintenance, (3) whenever any audit

-point deviates from the calibration curve by more than 7 percent, (4) before/after each sampling event, and
(5) when a different sample collection medium, other than that which the sampler was originally calibrated to,
will be used for sampling.

11.2.1 Calibration of Orifice Transfer Standard. Calibrate the modified high volume air sampler in the field
using a calibrated orifice flow rate transfer standard. Certify the orifice transfer standard in the laboratory against
a positive displacement rootsmeter (see Figure 7). Once certified, the recertification is performed rather
infrequently if the orifice is protected from damage. Recertify the orifice transfer standard performed once per
year utilizing a set of five multi-hole resistance plates.

[Note: The set of five multihole resistance plates is used to change the flow through the orifice so that several
points can be obtained for the orifice calibration curve. The following procedure outlines the steps to
calibrate the orifice transfer standard in the laboratory.]

11.2.1.1 Record the room temperature (T, in °C) and barometric pressure (P, in mm Hg) on the Orifice
Calibration Data Sheet (see Figure 8). Calculate the room temperature in K (absolute temperature) and record
on Orifice Calibration Data Sheet.

T,inK=273°+T,;in °C

11.2.1.2 Set up laboratory orifice calibration equipment as illustrated in Figure 7. Check the oil level of
the rootsmeter prior to starting. There are three oil level indicators, one at the clear plastic end, and two sight
glasses, one at each end of the measuring chamber.

11.2.1.3 Check for leaks by clamping both manometer lines, blocking the orifice with cellophane tape,
turning on the high-volume motor, and noting any change in the rootsmeter's reading. If the rootsmeter's reading
changes, there is a leak in the system. Eliminate the leak before proceeding. If the rootsmeter's reading remains
constant, turn off the hi-vol motor, remove the cellophane tape, and unclamp both manometer lines.

11.2.1.4 Install the 5-hole resistance plate between the orifice and the filter adapter.

11.2.1.5 Turn manometer tubing connectors one turn counter-clockwise. Make sure all connectors are
open.

11.2.1.6 Adjust both manometer midpoints by sliding their movable scales until the zero point corresponds
with the meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required for the water manometer, remove tubing connector and add clean water.)

11.2.1.7 Turn on the high-volume motor and let it run for 5 minutes to set the motor brushes. Turn the
motor off. Ensure manometers are set to zero. Turn the high-volume motor on.
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11.2.1.8 Record the time in minutes required to pass a known volume of air (approximately 5.6 to 8.4 m*
of air for each resistance plate) through the rootsmeter by using the rootsmeter's digital volume dial and a
stopwatch.

11.2.1.9 Record both manometer readings [orifice water manometer (aH) and rootsmeter mercury
manometer (aP)] on Orifice Calibration Data Sheet (see Figure 8).

[Note: sH is the sum of the difference from zero (0) of the two column heights.]

11.2.1.10 Turmn off the high-volume motor.

11.2.1.11 Replace the 5-hole resistance plate with the 7-hole resistance plate.

11.2.1.12 Repeat Sections 11.2.1.3 through 11.2.1.11.

11.2.1.13 Repeat for each resistance plate. Note results on Orifice Calibration Data Sheet (see Figure 8).
Only a minute is needed for warm-up of the motor. Be sure to tighten the orifice enough to eliminate any leaks.
Also check the gaskets for cracks.

[Note: The placement of the orifice prior to the rootsmeter causes the pressure at the inlet of the rootsmeter
to be reduced below atmospheric conditions, thus causing the measured volume to be incorrect. The volume
measured by the rootsmeter must be corrected.]

11.2.1.14 Correct the measured volumes on the Orifice Calibration Data Sheet:
AP T

P -
Vo =V, ()2
¥ P e T

a

V4= standard volume, std m®
V.= actual volume measured by the rootsmeter, m?
P,= barometric pressure during calibration, mm Hg
aP = differential pressure at inlet to volume meter, mm Hg
Py,= 760 mm Hg
Tee= 298K
T,= ambient temperature during calibration, K.

11.2.1.15 Record standard volume on Orifice Calibration Data Sheet.
11.2.1.16 The standard flow rate as measured by the rootsmeter can now be calculated using the following
formula:

Vstd
Qa =5

where:
Qqq = standard volumetric flow rate, std m*/min
0= elapsed time, min

11.2.1.17 Record the standard flow rates to the nearest 0.01 std m*/min.
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11.2.1.18 Calculate and record \/ aH (P,/P_,)(298/T),) value for each standard flow rate.

11.2.1.19Plot each \/ sH (P,/P_)(298/T,) value (y-axis) versus its associated standard flow rate (x-
axis) on arithmetic graph paper and draw a line of best fit between the individual plotted points.

[Note: This graph will be used in the field to determine standard flow rate.]

11.2.2 Calibration of the High-Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard
For this calibration procedure, the following conditions are assumed in the field:

* The sampler is equipped with an valve to control sample flow rate.

* The sample flow rate is determined by measuring the orifice pressure differential using a Magnehelic
gauge.

* The sampler is designed to operate at a standardized volumetric flow rate of 8 ft*/min (0.225 m*/min), with
an acceptable flow rate range within 10 percent of this value.

*» The transfer standard for the flow rate calibration is an orifice device. The flow rate through the orifice
is determined by the pressure drop caused by the orifice and is measured using a "U" tube water
manometer or equivalent.

* The sampler and the orifice transfer standard are calibrated to standard volumetric flow rate units (scfm
or scmm).

* An orifice transfer standard with calibration traceable to NIST is used.

e A "U" tube water manometer or equivalent, with a 0- to 16-inch range and a maximum scale division of
0.1 inch, will be used to measure the pressure in the orifice transfer standard.

* A Magnehelic gauge or equivalent with a 9- to 100-inch range and a minimum scale division of 2 inches
for measurements of the differential pressure across the sampler’s orifice is used.

* A thermometer capable of measuring temperature over the range of 32° to 122°F (0° to 50°C) to +2°F
(£1°C) and referenced annually to a calibrated mercury thermometer is used.

* A portable aneroid barometer (or equivalent) capable of measuring ambient barometric pressure between
500 and 800 mm Hg (19.5 and 31.5 in. Hg) to the nearest mm Hg and referenced annually to a barometer
of known accuracy is used.

» Miscellaneous handtools, calibration data sheets or station log book, and wide duct tape are available.

11.2.2.1 Set up the calibration system as illustrated in Figure 9. Monitor the airflow through the sampling
system with a venturi/Magnehelic assembly, as illustrated in Figure 9. Audit the field sampling system once per
quarter using a flow rate transfer standard, as described in the EPA High-Volume Sampling Method, 40 CVR 50,
Appendix B. Perform a single-point calibration before and after each sample collection, using the procedures
described in Section 11.2.3.

11.2.2.2 Prior to initial multi-point calibration, place an empty glass cartridge in the sampling head and
activate the sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sample
flow rate corresponding to 110 percent of the desired flow rate (typically 0.20 to 0.28 m*/min) is indicated on the
Magnehelic gauge (based on the previously obtained multipoint calibration curve). Allow the motor to warm up
for 10 min and then adjust the flow control valve to achieve the desire flow rate. Turn off the sampler. Record
the ambient temperature and barometric pressure on the Field Calibration Data Sheet (see Figure 10).

11.2.2.3 Place the orifice transfer standard on the sampling head and attach a manometer to the tap on
the transfer standard, as illustrated in Figure 9. Properly align the retaining rings with the filter holder and secure
by tightening the three screw clamps. Connect the orifice transfer standard by way of the pressure tap to a
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manometer using a length of tubing. Set the zero level of the manometer or Magnehelic. Attach the Magnehelic
gauge to the sampler venturi quick release connections. Adjust the zero (if needed) using the zero adjust screw
on face of the gauge.

11.2.2.4 To leak test, block the orifice with a rubber stopper, wide duct tape, or other suitable means. Seal
the pressure port with a rubber cap or similar device. Turn on the sampler.
Caution: Avoid running the sampler for too long a time with the orifice blocked. This precaution will reduce
the chance that the motor will be overheated due to the lack of cooling air. Such overheating can shorten the
life of the motor.

11.2.2.5 Gently rock the orifice transfer standard and listen for a whistling sound that would indicate a
leak in the system. A leak-free system will not produce an upscale response on the sampler's magnehelic. Leaks
are usually caused either by damaged or missing gaskets, by cross-threading, and/or not screwing sample
cartridge together tightly. All leaks must be eliminated before proceeding with the calibration. When the sample
is determined to be leak-free, turn off the sampler and unblock the orifice. Now remove the rubber stopper or
plug from the calibrator orifice.

11.2.2.6 Turn the flow control valve to the fully open position and turn the sampler on. Adjust the flow
control valve until a Magnehelic reading of approximately 70 in. is obtained. Allow the Magnehelic and
manometer readings to stabilize and record these values on the orifice transfer Field Calibration Data Sheet (see
Figure 10).

11.2.2.7 Record the manometer reading under Y1 and the Magnehelic reading under Y2 on the Field
Calibration Data Sheet. For the first reading, the Magnehelic should still be at 70 inches as set above.

11.2.2.8 Set the Magnehelic to 60 inches by using the sampler's flow control valve. Record the
manometer (Y1) and Magnehelic (Y2) readings on the Field Calibration Data Sheet (see Figure 10).

11.2.2.9 Repeat the above steps using Magnehelic settings of 50, 40, 30, 20, and 10 inches.

11.2.2.10 Turn the voltage variator to maximum power, open the flow control valve, and confirm that the
Magnehelic reads at least 100 inches. Tumn off the sampler and confirm that the Magnehelic reads zero.

11.2.2.11 Read and record the following parameters on the Field Calibration Data Sheet. Record the
following on the calibration data sheet:

» Data, job number, and operator's signature.
* Sampler serial number.

* Ambient barometric pressure.

* Ambient temperature.

11.2.2.12 Remove the "dummy"” cartridge and replace with a sample cartridge.

11.2.2.13 Obtain the manufacturer high volume orifice calibration certificate.

11.2.2.14If not performed by the manufacturer, calculate values for each calibrator orifice static pressure
(Column 6, inches of water) on the manufacturer's calibration certificate using the following equation:

\/AH(Pa/76O)[298/(Ta + 273)]

where:
P, = the barometric pressure (mm Hg) at time of manufacturer calibration, mm Hg
T,= temperature at time of calibration, °C

11.2.2.15 Perform a linear regression analysis using the values in Column 7 of the manufacturer's High
Volume Orifice Calibration Certificate for flow rate (Q,,) as the "X" values and the calculated values as the Y
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values. From this relationship, determine the correlation (CC1), intercept (B1), and slope (M1) for the Orifice
Transfer Standard.

11.2.2.16 Record these values on the Field Calibration Data Sheet (see Figure 10).

11.2.2.17 Using the Field Calibration Data Sheet values (see Figure 10), calculate the Orifice Manometer
Calculated Values (Y3) for each orifice manometer reading using the following equation:

Y3 Calculation
Y3 = {Y1(P,/760)[298/(T, + 273)]}*

11.2.2.18 Record the values obtained in Column Y3 on the Field Calibration Data Sheet (see Figure 10).
11.2.2.19 Calculate the Sampler Magnehelic Calculated Value (Y4) using the following equation:

al tion
Y4 = {Y2(P,/760){298/(T, + 273)]}*

11.2.2.20 Record the value obtained in Column Y4 on the Field Calibration Data Sheet (see Figure 10).
11.2.2.21 Calculate the Orifice Flow Rate (X1) in scm using the following equation:

X1 Calculation

_ Y3 -BI
M1

X1

11.2.2.22 Record the values obtained in Column X1 on the Field Calibration Data Sheet (see Figure 10).

11.2.2.23 Perform a linear regression of the values in Column X1 (as X) and the values in Column Y4 (as
Y). Record the relationship for correlation (CC2), intercept (B2), and slope (M2) on the Field Calibration Data
Sheet. The correlation coefficient must be 0.990 or greater.

11.2.2.24 Using the following equation, calculate a set point (SP) for the manometer to represent a desired
flow rate:

Set Point
Set point (SP) = [(Expected P,)/(Expected T )(To/P)][M2 (Desired flow rate) + B2J
where:

P, = Expected atmospheric pressure (P,), mm Hg
T, = Expected atmospheric temperature (T,), 273 + °C
M2 = Slope of developed relationship
B2 = Intercept of developed relationship
T4 = Temperature standard, 273 +25°C
P, = Pressure standard, 760 mm Hg
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11.2.2.25 During monitoring, calculate a flow rate from the observed Magnehelic reading using the
following equations:

Flow Rate

Y5 = [Average Magnehelic Reading (aH) (P,/T )(T4s/P.0)]*

_Y5 - B2
M2

X2

where:

Y5 = Corrected average magnehelic reading
X2 = Instant calculated flow rate, scm

11.2.2.26 The relationship in calibration of a sampling system between Orifice Transfer Standard and
flow rate through the sampler is illustrated in Figure 11.

11.2.3 Single-Point Audit of the High Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard

Single point calibration checks are required as follows:

*» Prior to the start of each 24-hour test period.

* After each 24-hour test period. The post-test calibration check may serve as the pre-test calibration check
for the next sampling period if the sampler is not moved.

* Prior to sampling after a sample is moved.

For samplers, perform a calibration check for the operational flow rate before each 24-hour sampling event and
when required as outlined in the user quality assurance program. The purpose of this check is to track the
sampler’s calibration stability. Maintain a control chart presenting the percentage difference between a sampler's
indicated and measured flow rates. This chart provides a quick reference of sampler flow-rate drift problems and
is useful for tracking the performance of the sampler. Either the sampler log book or a data sheet will be used
to document flow-check information. This information includes, but is not limited to, sampler and orifice transfer
standard serial number, ambient temperature, pressure conditions, and collected flow-check data.

In this subsection, the following is assumed:

* The flow rate through a sampler is indicated by the orifice differential pressure;

* Samplers are designed to operate at an actual flow rate of 8 scfin, with a maximum acceptable flow-rate
fluctuation range of £10 percent of this value;

* The transfer standard will be an orifice device equipped with a pressure tap. The pressure is measured
using a manometer; and

¢ The orifice transfer standard's calibration relationship is in terms of standard volumetric flow rate (Q,).
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11.2.3.1 Perform a single point flow audit check before and after each sampling period utilizing the
Calibrated Orifice Transfer Standard (see Section 11.2.1).

11.2.3.2 Prior to single point audit, place a "dummy" glass cartridge in the sampling head and activate the
sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sample flow rate
corresponding to 110 percent of the desired flow rate (typically 0.19 to 0.28 m*/min) is indicated on the
Magnehelic gauge (based on the previously obtained multipoint calibration curve). Allow the motor to warm up
for 10 minutes and then adjust the flow control valve to achieve the desired flow rate. Tumn off the sampler.
Record the ambient temperature and barometric pressure on the Field Test Data Sheet (sec Figure 12).

11.2.3.3 Place the flow rate transfer standard on the sampling head.

11.2.3.4 Properly align the retaining rings with the filter holder and secure by tightening the three screw
clamps. Connect the flow rate transfer standard to the manometer using a length of tubing.

11.2.3.5 Using tubing, attach one manometer connector to the pressure tap of the transfer standard. Leave
the other connector open to the atmosphere.

11.2.3.6 Adjust the manometer midpoint by sliding the movable scale until the zero point corresponds with
the water meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required, remove tubing connector and add clean water.)

11.2.3.7 Tum on the high-volume motor and let run for 5 minutes.

11.2.3.8 Record the pressure differential indicated, aH, in inches of water, on the Field Test Data Sheet.
Be sure a stable aH has been established.

11.2.3.9 Record the observed Magnehelic gauge reading in inches of water on the Field Test Data Sheet.
Be sure stable aM has been established.

11.2.3.10  Using previous established Orifice Transfer Standard curve, calculate Q,, (see
Section 11.2.2.23).

11.2.3.11 This flow should be within +10 percent of the sampler set point, normally, 0.224 m®. If not,
perform a new multipoint calibration of the sampler.

11.2.3.12 Remove flow rate transfer standard and dummy sorbent cartridge.

11.3 Sample Collection

11.3.1 General Requirements
11.3.1.1 The sampler should be located in an unobstructed area, at least 2 meters from any obstacle to air
flow. The exhaust hose should be stretched out in the downwind direction to prevent recycling of air into the
sample head.
11.3.1.2 All cleaning and sample module loading and unloading should be conducted in a controlled
environment, to minimize any chance of potential contamination.
11.3.1.3 When new or when using the sampler at a different location, all sample contact areas need to be
cleaned. Use triple rinses of reagent grade hexane or methylene chloride contained in Teflon® rinse bottles.
Allow the solvents to evaporate before loading the PUF modules.
11.3.2 Preparing Cartridge for Sampling
11.3.2.1 Detach the lower chamber of the cleaned sample head. While wearing disposable, clean, lint-free
nylon, or cotton gloves, remove a clean glass sorbent module from its shipping container. Remove the Teflon®
end caps (if applicable). Replace the end caps in the sample container to be reused after the sample has been
collected.
11.3.2.2 Insert the glass module into the lower chamber and tightly reattach the lower chambers to the
module.
11.3.2.3 Using clean rinsed (with hexane) Teflon®-tipped forceps, carefully place a clean conditioned fiber
filter atop the filter holder and secure in place by clamping the filter holder ring over the filter. Place the
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aluminum protective cover on top of the cartridge head. Tighten the 3 screw clamps. Ensure that all module
connections are tightly assembled. Place a small piece of aluminum foil on the ball-joint of the sample cartridge
to protect from back-diffusion of semi-volatiles into the cartridge during transporting to the site.

[Note: Failure to do so could expose the cartridge to contamination during transport.]

11.3.2.4 Place the cartridge in a carrying bag to take to the sampler.
11.3.3 Collection

11.3.3.1 After the sampling system has been assembled, perform a single point flow check as described
in Sections 11.2.3.

11.3.3.2 With the empty sample module removed from the sampler, rinse all sample contact areas using
reagent grade hexane in a Teflon® squeeze bottle. Allow the hexane to evaporate from the module before loading
the samples.

11.3.3.3 With the sample cartridge removed from the sampler and the flow control valve fully open, turn
the pump on and allow it to warm-up for approximately 5 minutes.

11.3.3.4 Attach a "dummy" sampling cartridge loaded with the exact same type of filter and PUF media
to be used for sample collection.

11.3.3.5 Turn the sampler on and adjust the flow control valve to the desired flow as indicated by the
Magnehelic gauge reading determined in Section 11.2.2.24. Once the flow is properly adjusted, take extreme care
not to inadvertently alter its setting.

11.3.3.6 Tumn the sampler off and remove the "dummy" module. The sampler is now ready for field use.

11.3.3.7 Check the zero reading of the sampler Magnehelic. Record the ambient temperature, barometric
pressure, elapsed time meter setting, sampler serial number, filter number, and PUF cartridge number on the Field
Test Data Sheet (see Figure 12). Attach the loaded sampler cartridge assembly to the sampler.

11.3.3.8 Place the voltage variator and flow control valve at the settings used in Section 11.3.2, and the
power switch. Activate the elapsed time meter and record the start time. Adjust the flow (Magnehelic setting),
if necessary, using the flow control valve.

11.3.3.9 Record the Magnehelic reading every 6 hours during the sampling period. Use the calibration
factors (see Section 11.2.2.24) to calculate the desired flow rate. Record the ambient temperature, barometric
pressure, and Magnehelic reading at the beginning and during sampling period.

11.3.4 Sample Recovery

11.3.4.1 At the end of the desired sampling period, turn the power off. Carefully remove the sampling
head containing the filter and sorbent cartridge. Place the protective "plate" over the filter to protect the cartridge
during transport to a clean recovery area. Also, place a piece of aluminum foil around the bottom of the sampler
cartridge assembly.

11.3.4.2 Perform a final calculated sampler flow check using the calibration orifice, assembly, as described
in Section 11.3.2. If calibration deviates by more than 10 percent from initial reading, mark the flow data for that
sample as suspect and inspect and/or remove from service, record results on Field Test Data Sheet, Figure 12.

11.3.4.3 Transport the sampler cartridge assembly to a clean recovery area.

11.3.4.4 While wearing white cotton gloves, remove the PUF glass cartridge from the lower module
chamber and lay it on the retained aluminum foil in which the sample was originally wrapped.

11.3.4.5 Carefully remove the quartz fiber filter from the upper chamber using clean Teflon®-tipped
forceps.

11.3.4.6 Fold the filter in half twice (sample side inward) and place it in the glass cartridge atop the PUF.

11.3.4.7 Wrap the combined samples in the original hexane-rinsed aluminum foil, attach Teflon® end caps
(if applicable) and place them in their original aluminum shipping container. Complete a sample label and affix
it to the aluminum shipping container.
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11.3.4.8 Chain-of-custody should be maintained for all samples. Store the containers under blue ice or
dry ice and protect from UV light to prevent possibly photo-decomposition of collected analytes. If the time span
between sample collection and laboratory analysis is to exceed 24 hours, refrigerate sample at 4°C.

11.3.4.9 Return at least one field blank filter/PUF cartridge to the laboratory with each group of samples.
Treat a field blank exactly as the sample except that air is not drawn through the filter/sorbent cartridge assembly.

11.3.4.10 Ship and store field samples chilled (<4°C) using blue ice until receipt at the analytical
laboratory, after which samples should be refrigerated at less than or equal to 4°C for up to 7 days prior to
extraction; extracts should be analyzed within 40 days of extraction.

12. Sample Extraction, Concentration, and Cleanup

[Note: The following sample extraction, concentration, solvent exchange and analysis procedures are
outlined for user convenience in Figure 13.]

12.1 Sample Identification

12.1.1 The chilled (<4°C) samples are returned in the aluminum shipping container (containing the filter and
sorbents) to the laboratory for analysis. The "chain-of-custody"” should be completed.

12.1.2 The samples are logged in the laboratory logbook according to sample location, filter and sorbent
cartridge number identification, and total air volume sampled (uncorrected).

12.1.3 If the time span between sample registration and analysis is greater than 24-hours, then the sample
must be keptrefrigerated at <4°C. Minimize exposure of samples to fluorescent light. All samples should be
extracted within one week (7 days) after sampling.

12.2 Soxhlet Extraction and Concentration

[Note: If PUF is the sorbent, the extraction solvent is 10 percent diethyl ether in hexane. If XAD-2® resin
is the sorbent, the extraction solvent is methylene chloride.]

12.2.1 Assemble the Soxhlet apparatus (see Figure 4a). Immediately before use, charge the Soxhlet
apparatus with 700 to 750 mL of 10 percent diethyl ether in hexane and reflux for 2 hours. Let the apparatus
cool, disassemble it, transfer the diethyl ether in hexane to a clean glass container, and retain it as a blank for later
analysis, if required. Place the sorbent and filter together in the Soxhlet apparatus (the use of an extraction
thimble is optional).

[Note: The filter and sorbent are analyzed together in order to reach detection limits, avoid questionable
interpretation of the data, and minimize cost.]

12.2.1.1 Prior to extraction, add appropriate laboratory surrogate standards to the Soxhlet solvent. A
surrogate standard (i.e., a chemically compound not expected to occur in an environmental sample) should be
added to each sample, blank, and matrix spike sample just prior to extraction or processing. The recovery of the
laboratory surrogate standard is used to monitor for unusual matrix effects, gross sample processing errors, etc.
Surrogate recovery is evaluated for acceptance by determining whether the measure concentration falls within the
acceptance limits. Spike 20 uL of a 50 ug/mlL solution of the surrogates onto the PUF cartridge, prior to Soxhlet
extraction, to yield a final concentration of 1 ug. The following laboratory surrogate standards have been
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successfully utilized in determining Soxhlet extraction effects, sample process errors, etc., for GC/MS/DS
analysis.

Laboratory Total
Surrogate Spiked
Standard Amount (ug)

D,,-Fluorene 1
D,,-Pyrene 1

Section 13.2 outlines preparation of the laboratory surrogates. Add the laboratory surrogate compounds to the
PUF cartridge. Add 700 mL of 10 percent diethyl ether in hexane to the apparatus and reflux for 18 hours at a
rate of at least 3 cycles per hour. Allow to cool, then disassemble the apparatus.
12.2.1.2 Dry the extract from the Soxhlet extraction by passing it though a drying column containing about

10 grams of anhydrous sodium sulfate. Collect the dried extract in a K-D concentrator assembly. Wash the
extractor flask and sodium sulfate column with 100-125 mL of 10 percent diethyl ether/hexane to complete the
quantitative transfer.

12.2.2 Assemble a K-D concentrator (see Figure 4b) by attaching a 10 mL concentrator tube to a 500 mL
evaporative flask.

[Note: Other concentration devices (vortex evaporator) or techniques may be used in place of the K-D as
long as qualitative and quantitative recovery can be demonstrated.]

12.2.2.1 Add two boiling chips, attach a three-ball macro-Snyder column to the K-D flask, and concentrate
the extract using a water bath at 60 to 65°C. Place the K-D apparatus in the water bath so that the concentrator
tube is about half immersed in the water and the entire rounded surface of the flask is bathed with water vapor.
Adjust the vertical position of the apparatus and the water temperature as required to complete the concentration
in one hour. At the proper rate of distillation, the balls of the column actively chatter but the chambers do not
flood. When the liquid has reached an approximate volume of 5 mL, remove the K-D apparatus from the water
bath and allow the solvent to drain for at least 5 minutes while cooling.

12.2.2.2 Remove the Snyder column and rinse the flask and its lower joint into the concentrator tube with
5 mL of cyclohexane. A 5 mL syringe is recommended for this operation. The extract is now ready for further
concentration to 1.0 mL by nitrogen blowdown.

12.2.2.3 Place the 1 mL calibrated K-D concentrator tube with an open micro-Snyder attachment in a warm
water bath (30 to 3 5°C) and evaporate the solvent volume to just below 1 mL by blowing a gentle stream of
clean, dry nitrogen (filtered through a column of activated carbon) above the extract.

12.2.2.4 The internal wall of the concentrator tube must be rinsed down several times with hexane during
the operation.

12.2.2.5 During evaporation, the tube solvent level must be kept below the water level of the bath. the
extract must never be allowed to become dry.

12.2.2.6 Bring the final volume back to 1.0 mL with hexane. Transfer the extract to a Teflon®-sealed
screw-cap amber vial, 1abel the vial, and store at 4°C (£2°C).

[Note; 1t is not necessary to bring the volume to exactly 1.0 mL if the extract will be cleaned up by solid phase
extraction cleanup methods. Final volume is brought to 1.0 mL after cleanup.]

12.3 Sample Cleanup
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12.3.1 Ifthe extract is cloudy, impurities may be removed from the extract by solid phase extraction using
activated silica gel. Clean-up procedures may not be needed for relatively clean matrix samples.

12.3.2 Approximately 10 grams of silica gel, type 60 (70-230 mesh), are extracted in a Soxhlet extractor
with 10 percent diethyl ether for 6 hours (minimum rate, 3 cycles/hr) and then activated by heating in a foil-
covered glass container for 16 hours at 150°C.

12.3.3 Using a disposable Pasteur pipette (7.5-mm x 14.6-cm), place a small piece of glass wool in the neck
of the pipette. Prepare a slurry of activated silica gel in 10 percent diethyl ether. Place 10 grams of the activated
silica gel slurry into the column using additional 10 percent diethyl ether. Finally, 1 gram of anhydrous sodium
sulfate is added to the top of the silica gel. Prior to use, the column is rinsed with 10 percent diethyl ether at
1 mL/min for 1 hour to remove any trace of contaminants. It is then pre-eluted with 40 mL of pentane and the
eluate discarded.

12.3.4 While the pentane pre-elutant covers the top of the column, 1 mL of the sample extract is transferred
to the column, and washed on with 2 mL of n-hexane to complete the transfer. Allow to elute through the column.
Immediately prior to exposure of the sodium sulfate layer the air, add 25 mL of pentane and continue the elution
process. The pentane eluate is discarded.

12.3.5 The column is finally eluted at 2 ml./min with 25 mL of 10 percent diethyl ether in pentane (4:6 v/v)
and collected in a 50 mL K-D flask equipped with a S mL concentrator tube for concentration to less than 5 mL.
The concentrate is further concentrated to 1.0 mL under a gentle stream of nitrogen as previously described.

12.3.6 The extract is now ready for GC/MS analysis. Spike the extract with internal standards (ISs) before
analysis. The following internal standards (ISs) have been successfully used in PAH analysis by GC/MS.

Internal Total Spiked

Standard (IS) Amount (ug)
D;-Naphthalene 0.5
D, ~Acenaphthene 0.5
D,,-Phenanthrene 0.5
D,,-Chrysene 0.5
D,,-Perylene 0.5

Section 13.2 outlines preparation of the ISs.

13. Gas Chromatography with Mass Spectrometry Detection
13.1 General

13.1.1 The analysis of the extracted sample for benzo[a]pyrene and other PAHs is accomplished by an
electron ionization gas chromatograph/mass spectrometer (EI GC/MS) in the mode with a total cycle time
(including voltage reset time) of 1 second or less. The GC is equipped with an DB-5 fused silica capillary column
(30-m x 0.32-mm 1.D.) with the helium carrier gas for analyte separation. The GC column is temperature
controlled and interfaced directly to the MS ion source.

13.1.2 The laboratory must document that the EI GC/MS system is properly maintained through periodic
calibration checks. The GC/MS system should be operated in accordance with specifications outlined in Table
2.

13.1.3 The GC/MS is tuned using a 50 ng/pL solution of decafluorotriphenylphosphine (DFTPP). The
DFTPP permits the user to tune the mass spectrometer on a daily basis. If properly tuned, the DFTPP key ions
and ion abundance criteria should be met as outlined in Table 3.
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13.1.4 The GC/MS operating conditions are outlined in Table 2. The GC/MS system should be calibrated
using the internal standard technique. Figure 14 outlines the following sequence involving the GC/MS
calibration.

13.2 Calibration of GC/MS/DS
13.2.1 Standard Preparation

Stock PAH Standards Including Surrogate Compounds

13.2.1.1 Prepare stock standards of B[a]P and other PAHs. The stock standard solution of B[a]P (2.0
pg/uL) and other PAHs can be user prepared from pure standard materials or can be purchased commercially.

13.2.1.2 Place 0.2000 grams of native B[a]P and other PAHs on a tared aluminum weighing disk and
weigh on a Mettler balance.

13.2.1.3 Quantitatively transfer the material to a 100 mL volumetric flask. Rinse the weighing disk with
several small portions of 10 percent diethyl ether/hexane. Ensure all material has been transferred.

13.2.1.4 Dilute to mark with 10 percent diethyl ether/hexane.

13.2.1.5 The concentration of the stock standard solution of B[a]P or other PAHs in the flask is 2.0 pg/pL.

[Note: Commercially prepared stock PAH standards may be used at any concentration if they are certified
by the manufacturer or by an independent source.]

13.2.1.6 Transfer the stock standard solutions into Teflon®-sealed screw-cap bottles. Store at 4°C and
protect from light. Stock standard solutions should be checked frequently for signs of degradation or evaporation,
especially just prior to preparing calibration standards from them.

13.2.1.7 Stock PAH standard solutions must be replaced after 1 year or sooner if comparison with quality
control check samples indicates a problem.

Mix Internal Standard (IS) Solution
13.2.1.8 For PAH analysis, deuterated internal standards are selected that are similar in analytical behavior
to the compound of interest. The following internal standards are suggested for PAH analysis:

D,,-Perylene D,,-Chrysene
Benzo(e)pyrene Benz(a)anthracene
Benzo(a)pyrene Chrysene
Benzo(k)fluoranthene Pyrene
D;-Acenaphthene Dy-Naphthalene
Acenaphthene (if using XAD-2® as the sorbent) Naphthalene (if using XAD-2® as the
Acenaphthylene (if using XAD-2® as the sorbent) sorbent)

Fluorene

Benzo(g,h,i)perylene D,,-Phenanthrene
Dibenz(a,h)anthracene Anthracene
Indeno(1,2,3-cd)pyrene Fluoranthene
Perylene Phenanthrene
Benzo(b)fluoranthene -

Coronene
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13.2.1.9 Purchase a mix IS solution containing specific IS needed for quantitation at a concentration of
2,000 ng/pL.

Mixed Stock PAH Standard Including Surreogate Compounds
13.2.1.10 Prepare a mixed stock PAH standard by taking 125 pL of the stock PAH standard(s) and
diluting to mark with hexane in a 10-mL volumetric flask. The concentration of the mixed stock PAH standard(s)

is 25 ng/pL.

Calibration PAH Standards Including Surrogate Compounds
13.2.1.11 Calibration PAH standards can be generated from the stock PAH standard using serial dilution
utilizing the following equation:

where:
C, = Concentration of stock PAH standards, ng/ul.
V; = Volume of stock PAH standard solution taken to make calibration PAH standards, uL.
V, =Final volume diluted to generate calibration PAH standards, ul.
C, = Final concentration of calibration PAH standards, ng/ul.

13.2.1.12 Using the above equation, prepare a series of calibration PAH standards which include the
surrogate compounds (i.e., 2.50 ng/pL, 1.25 ng/uL, 0.50 ng/uL, 0.25 ng/uL, and 0.10 ng/uL) according to the
scheme illustrated in Table 4 and described below.

¢ For CAL §, transfer 1.00 mL of the mixed PAH stock standard in a 10-mL volumetric flask and dilute to
10.0 mL with hexane. The resulting concentration is 2.5 ng/ul. for the PAH analytes.

* To prepare CAL 4, transfer 500 pL of the mixed PAH stock standard solution to a 10-mL volumetric flask
and dilute to 10.0 mL with hexane. The resulting concentration is 1.25 ng/uL for PAH analytes.

* To prepare CAL 3, transfer 200 pL of the mixed PAH stock solution to a 10-mL volumetric flask and
dilute to 10-mL with hexane. The resulting concentration is 0.50 ng/pL. for PAH analytes.

* To prepare CAL 2, transfer 100 L of the mixed PAH stock solution to a 10-mL volumetric flask and
dilute to 10-mL with hexane. The resulting concentration is 0.25 ng/ulL for PAH analytes.

* To prepare CAL 1, transfer 40 pL. of the mixed PAH stock solution to a 10-mL volumetric flask and dilute
to 10-mL with hexane. The resulting concentration is 0.10 ng/uL for PAH analytes.

13.2.2 Internal Standard Spiking
13.2.2.1 Prior to GC/MS analysis, each 1 mL aliquot of the five calibration standards is spiked with
internal standard to a final concentration of 0.5 ng/ul.. To do this, first prepare a 1:40 dilution of the
2,000 ng/pL mixed internal standard solution by diluting 250 pL to a volume of 10 mL to yield a concentration
of 50 ng/pL. )
13.2.2.2 Each 1.0-mL portion of calibration standard and sample extract is then spiked with 10 uL. of the
internal standard solution prior to analysis by GC/MS/DS operated in the SCAN mode.
13.2.3 Storage, Handling, and Retention of Standards
13.2.3.1 Store the stock and mixed standard solutions at 4°C (£2°C) in Teflon®-lined screw-cap amber
bottles. Store the working standard solutions at 4°C (£2°C) in Teflon®-lined screw-cap amber bottles.
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13.2.3.2 Protect all standards from light. Samples, sample extracts, and standards must be stored
separately.

13.2.3.3 Stock standard solutions must be replaced every 12 months, or sooner, if comparison with quality
control check samples indicates a problem. Diluted working standards are usable for 6 months. Analysis
difficulties, which warrant investigation, may require preparation of new standards. All standards are securely
stored at ~4°C (+2°C) but above freezing. The concentration, preparation and expiration date, and solvent are
identified on standard vial labels. Each standard is uniquely identified with its laboratory notebook number and
a prefix. This procedure helps provide traceability to standard preparation.

13.2.3.4 Take care to maintain the integrity of each standard. The solvent, hexane, is volatile and can
easily evaporate. Make sure each vial is sealed after use, and mark the solvent level on the side of the vial. When
retrieving a vial for use, if the solvent level does not match the mark, dispose of the standard and obtain a new
one.

13.3 GC/MS Instrument Operating Conditions

13.3.1 Gas Chromatograph (GC). The following are the recommended GC analytical conditions, as also
outlined in Table 3, to optimize conditions for compound separation and sensitivity.

Carrier Gas: Helium

Linear Velocity: 28-29 cm’/sec

Injector Temperature: 250-300°C

Injector: Grob-type, splitless, 2 ul.

Temperature Program: Initial Temperature: 70°C

Initial Hold Time: 4.0+ 0.1 min.

Ramp Rate: 10°C/min to 300°C, hold for 10 min

Final Temperature: 300°C

Final Hold Time: 10 min (or until all compounds of interest have eluted).
Analytical Time: Approximately 50 min.

13.3.2 Mass Spectrometer. Following are the required mass spectrometer conditions for scan data
acquisition:

Transfer Line Temperature: 290°C

Source Temperature: According to manufacturer's specifications

Electron Energy: 70 volts (nominal)

Ionization Mode: EI

Mass Range: 35 to 500 amu, SCAN data acquisition

Scan Time: At least 5 scans per peak, not to exceed 1 second per scan

13.3.3 Instrument Performance Check for GC/MS.

13.3.3.1 Summary. It is necessary to establish that the GC/MS meet tuning and standard mass spectral
abundance criteria prior to initiating any on-going data collection, as illustrated in Figure 14. This is
accomplished through the analysis of decafluorotriphenylphosphine (DFTPP).

13.3.3.2 Frequency. The instrument performance check solution of DFTPP will be analyzed initially and
once per 12-hour time period of operation. Also, whenever the laboratory takes corrective action which may
change or affect the mass spectral criteria (e.g., ion source cleaning or repair, column replacement, etc.), the
instrument performance check must be verified irrespective of the 12-hour laboratory requirement. The 12-hour
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time period for GC/MS analysis begins at the injection of the DFTPP, which the laboratory submits as
documentation of a compliance tune. The time period ends after 12 hours have elapsed. To meet instrument
performance check requirements, samples, blanks, and standards must be injected within 12 hours of the DFTPP
injection.

13.3.3.3 Procedure. Inject 50 ng of DFTPP into the GC/MS system. DFTPP may be analyzed separately
or as part of the calibration standard.

13.3.3.4 Technical Acceptance Criteria. The following criteria have been established in order to
generate accurate data:

* Prior to the analysis of any samples, blanks, or calibration standards, the laboratory must establish that the
GC/MS system meets the mass spectral ion abundance criteria for the instrument performance check
solution containing DFTPP.

» The GC/MS system must be tuned to meet the manufacturer's specifications, using a suitable calibrant.
The mass calibration and resolution of the GC/MS system are verified by the analysis of the instrument
performance check solution.

+ The abundance criteria listed in Table 3 must be met for a 50 ng injection of DFTPP. The mass spectrum
of DFTPP must be acquired by averaging three scans (the peak apex scan and the scans immediately
preceding and following the apex). Background subtraction is required, and must be accomplished using
a single scan prior to the elution of DFTPP.

[Note: All ion abundance MUST be normalized to m/z 198, the nominal base peak, even though the ion
abundances of m/z 442 may be up to 110 percent of m/z 198.]

*» The above criteria are based on adherence to the acquisition specifications identified in Table 4 and were
developed for the specific target compound list associated with this document. The criteria are based on
performance characteristics of instruments currently utilized in routine support of ambient air program
activities. These specifications, in conjunction with relative response factor criteria for target analytes, are
designed to control and monitor instrument performance associated with the requirements if this document.
As they are performance-based criteria for these specific analytical requirements, they may not be optimal
for additional target compounds.

+ If the mass spectrometer has the ability for autotuning, then the user may utilize this function following
manufacturer's specifications. Autotune automatically adjusts ion source parameters within the detector
using FC-43 (Heptacos). Mass peaks at m/z 69, 219, and 502 are used for tuning. After the tuning is
completed, the FC-43 abundances at m/z 50, 69, 131, 219, 414, 502, and 614 are further adjusted such that
their relative intensities match the selected masses of DFTPP.

13.3.3.5 Corrective Action. If the DFTPP acceptance criteria are not met, the MS must be retuned. It
may be necessary to clean the ion source, or quadrupoles, or take other actions to achieve the acceptance criteria.
DFTPP acceptance criteria MUST be met before any standards, or required blanks, are analyzed. Any standards,
field samples, or required blanks analyzed when tuning criteria have not been met will require reanalysis.

13.3.4 Imitial Calibration for GC/MS.

13.3.4.1 Summary. Prior to the analysis of samples and required blanks, and after tuning criteria
(instrument performance check) have been met, each GC/MS system will be initially calibrated at a minimum of
five concentrations to determine instrument sensitivity and the linearity of GC/MS response for the analyte
compounds and the surrogates.

13.3.4.2 Frequency. Each GC/MS system must be initially calibrated whenever the laboratory takes
corrective action, which may change or affect the initial calibration criteria (e.g., ion source cleaning or repair,
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column replacement, etc.), or if the continuing calibration acceptance criteria have not been met. If time still
remains in the 12-hour time period after meeting the technical acceptance criteria for the initial calibration,
samples may be analyzed. It is not necessary to analyze a continuing calibration standard within the 12-hour time
period if the initial calibration standard (CAL 3) is the same concentration as the continuing calibration standard
and both meet the continuing calibration technical acceptance criteria. Quantify all sample results using the mean
of the relative response factors (RRFs ) from the initial calibration.

13.3.4.3 Procedure. Perform the following activities to generate quantitative data:

* Set up the GC/MS system.

* Warm all standard/spiking solutions, sample extracts, and blanks to ambient temperature (~1 hour) before
analysis.

* Tune the GC/MS system to meet the technical acceptance criteria (see Section 13.3.3).

* Prepare five calibration standards containing the target compounds, internal standards, and surrogate
compounds at the concentrations outlined in Table 4.

* Calibrate the GC/MS by injecting 2.0 pL of each standard. If a compound saturates when the CAL 5
standard is injected, and the system is calibrated to achieve a detection sensitivity of no less than the MDL
for each compound, the laboratory must document it and attach a quantitation report and chromatogram.
In this instance, the laboratory must calculate the results based on a four-point initial calibration for the
specific compound that saturates. Secondary ion quantitation is gnly allowed when there are sample
interferences with the primary quantitation ion. If secondary ion quantitation is used, calculate a relative
response factor using the area response from the most intense secondary ion which is free of interferences
and document the reasons for the use of the secondary ion.

* Record a mass spectrum of each target compound. Figure 15(a) through 15(q) documents the mass
spectrum for each of the 16 target PAHs discussed in Compendium Method TO-13A. Judge the
acceptability of recorded spectra by comparing them to spectra in libraries. If an acceptable spectrum of
a calibration standard component is not acquired, take necessary actions to correct GC/MS performance.
If performance cannot be corrected, report sample extract data for the particular compound(s), but
document the affected compound(s) and the nature of the problem.

13.3.4.4 Calculations. Perform the following calculations to generate quantitative data:

[Note: In the following calculations, the area response is that of the primary quantitation ion unless
otherwise stated.]

* Relative Response Factors (RRFs). Calculate RRFs for each analyte target compound and surrogate
using the following equation with the appropriate internal standard. Table 5 outlines characteristic ions
for the surrogate compounds and internal standards. Table 6 outlines primary quantitation ions for each
PAH. Use the following equation for RRF calculation.

_ Axcls
AL,

where:
A, =area of the primary quantitation ion for the compound to be measured, counts
A, = area of the primary quantitation ion for the internal standard, counts
C,, = concentration or amount of the internal standard, ng/uL
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C, = concentration or amount of the compound to be measured, ng/ul.

* Percent Relative Standard Deviation (%RSD). Using the RRFs from the initial calibration, calculate
the %RSD for all target compounds and surrogates using the following equations:

SD
%RSD = —XF % 100

X
and
N (x; - x)
SD,... = —_
L Z, N -1
where:

SDggr= standard deviation of initial response factors (per compound)
x = mean of initial relative response factors (per compound)
;= ith RRF
= number of determinations

* Relative Retention Times (RRT). Calculate the RRTs for each target compound and surrogate over the
initial calibration range using the following equation:

RT
RRT = £
RT,

15

where:
RT.= retention time of the target compound, minutes

RT, = retention time of the internal standard, minutes

* Mean of the Relative Retention Times (RRT). Calculate the mean of the relative retention times (RRT)
for each analyte target compound and surrogate over the initial calibration range using the following
equation:

RRT = mean relative retention time for the target compound or surrogate for each initial calibration
standard, minutes

RRT = relative retention time for the target compound or surrogate for each initial calibration standard,
minutes
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» Mean Area Response (Y) for Internal Standard. Calculate the area response (Y) mean for primary

quantitation ion each internal standard compound over the initial calibration range using the following
equation:

— n

Y=Y

i-1

1

Yi
n

where:

Y = mean area response, counts

Y;= area response for the primary quantitation ion for the internal standard for each calibration standard,
counts

* Mean of the Retention Time (RT) For Internal Standard. Calculate the mean of the retention times

(RT) for each internal standard over the initial calibration range using the following equation:

—_— RT.
RT - ) —
i=1 n

where:

RT = mean retention time, minutes

RT = retention time for the internal standard for each initial calibration standard, minutes

13.3.4.5 Technical Acceptance Criteria. All initial calibration standards must be analyzed at the

concentration levels at the frequency described in Section 13.3.3 on a GC/MS system meeting the DFTPP
instrument performance check criteria.

The relative response factor (RRF) at each calibration concentration for each target compound and
surrogate that has a required minimum response factor value must be greater than or equal to the minimum
acceptable relative response factor (see Table 7) of the compound.

The percent relative standard deviation (%RSD) over the initial calibration range for each target compound
and surrogate that has a required maximum %RSD must be less than or equal to the required maximum
value (see Table 7). For all the other target compounds, the value for %RSD must be less than or equal
to 30 percent. When the value for %RSD exceeds 30 percent, analyze additional aliquots of appropriate
CALs to obtain an acceptable %RSD of RRFs over the entire concentration range, or take action to
improve GC/MS performance.

The relative retention time for each of the target compounds and surrogates at each calibration level must
be within +0.06 relative retention time units of the mean relative retention time for the compound.

The retention time shift for each of the internal standards at each calibration level must be within +20.0
seconds compared to the mean retention time (RT) over the initial calibration range for each internal
standard.

The compounds must meet the minimum RRF and maximum %RSD criteria for the initial calibration.

13.3.4.6 Corrective Action. If the technical acceptance criteria for initial calibration are not met, the

system should be inspected for problems. It may be necessary to clean the ion source, change the column, or take
other corrective actions to achieve the acceptance criteria. Initial calibration technical acceptance criteria MUST
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be met before any samples or required blanks are analyzed in a 12-hour time period for an initial calibration
analytical sequence.
13.3.5 Continuing Calibration.

13.3.5.1 Summary. Prior to the analysis of samples and required blanks and after tuning criteria have
been met, the initial calibration of each GC/MS system must be routinely checked by analyzing a continuing
calibration standard (see Table 4, CAL 3) to ensure that the instrument continues to meet the instrument
sensitivity and linearity requirements of the method. The continuing calibration standard (CAL 3) shall contain
the appropriate target compounds, surrogates, and internal standards.

13.3.5.2 Frequency. Each GC/MS used for analysis must be calibrated once every time period of
operation. The 12-hour time period begins with injection of DFTPP. If time still remains in the 12-hour time
period after meeting the technical acceptance criteria for the initial calibration, samples may be analyzed. It is
not necessary to analyze a continuing calibration standard within this 12-hour time period, if the initial calibration
standard that is the same concentration as the continuing calibration standard meets the continuing calibration
technical acceptance criteria.

13.3.5.3 Procedure. The following activities should be performed for continuing calibration:

* Set up the GC/MS system as specified by the manufacturer.

* Tune the GC/MS system to meet the technical acceptance criteria (see Section 13.3.3).

* Analyze the CAL 3 standard solution containing all the target analytes, surrogate compounds, and
internal standards using the procedure listed for the initial calibration.

* Allow all standard/spiking solutions and blanks to warm to ambient temperature (approximately 1 hour)
before preparation or analysis.

+ Start the analysis of the continuing calibration by injecting 2.0 pL of the CAL 3 standard solution.

13.3.5.4 Calculations. The following calculations should be performed:

* Relative Response Factor (RRF). Calculate a relative response factor (RRF) for each target compound
and surrogate.

* Percent Difference (%D). Calculate the percent difference between the mean relative response factor
(RRF) from the most recent initial calibration and the continuing calibration RRF for each analyte target
compound and surrogate using the following equation:

%D, - X - RRE 0o
0. RRF X

where:
%Dy = percent difference between relative response factors

RRF; = average relative response factor from the most recent initial calibration

RRF, = relative response factor from the continuing calibration standard

13.3.5.5 Technical Acceptance Criteria. The continuing calibration standard must be analyzed for the
compounds listed in concentration levels at the frequency described and on a GC/MS system meeting the DFTPP
instrument performance check and the initial calibration technical acceptance criteria. The relative response
factor for each target analyte and surrogate that has a required minimum relative response factor value must be
greater than or equal to the compound's minimum acceptable relative response factor. For an acceptable

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 13A-33



Method TO-13A PAHs

continuing calibration, the %D between the measured RRF for each target/surrogate compound of the CAL 3
standard and the mean value calculated during initial calibration must be within +30 percent. If the criteria for
%D are not met for the target or surrogate compounds, remedial action must be taken and recalibration may be
necessary.

13.3.5.6 Corrective Action. If the continuing calibration technical acceptance criteria are not met,
recalibrate the GC/MS instrument. It may be necessary to clean the ion source, change the column, or take other
corrective actions to achieve the acceptance criteria. Continuing calibration technical acceptance criteria MUST
be met before any samples or required blanks are analyzed in a 12-hour continuing calibration analytical
sequence. Any samples or required blanks analyzed when continuing calibration criteria were not met will require
reanalysis. Remedial actions, which include but are not limited to the following, must be taken if criteria are not
met:

* Check and adjust GC and/or MS operating conditions.

* Clean or replace injector liner.

* Flush column with solvent according to manufacturers instructions.

* Break off a short portion (approximately 0.33 cm) of the column.

* Replace the GC column (performance of all initial calibration procedures are then required).
* Adjust MS for greater or lesser resolution.

* Calibrate MS mass scale.

* Prepare and analyze new continuing calibration.

* Prepare a new initial calibration curve.

13.3.6 Laboratory Method Blank (LMB).

13.3.6.1 Summary. The purpose of the LMB is to monitor for possible laboratory contamination.
Perform all steps in the analytical procedure using all reagents, standards, surrogate compounds, equipment,
apparatus, glassware, and solvents that would be used for a sample analysis. An LMB is an unused, certified
filter/cartridge assembly which is carried though the same extraction procedure as a field sample. The LMB
extract must contain the same amount of surrogate compounds and internal standards that is added to each
sample. All field samples must be extracted and analyzed with an associated LMB.

13.3.6.2 Frequency. Analyze an LMB along with each batch of <20 samples through the entire
extraction, concentration, and analysis process. The laboratory may also analyze a laboratory reagent blanks
which is the same as an LMB except that no surrogate compounds or internal standards are added. This
demonstrates that reagents contain no impurities producing an ion current above the level of background noise
for quantitation ions for those compounds.

13.3.6.3 Procedure. Extract and analyze a clean, unused filter and glass cartridge assembly.

13.3.6.4 Technical Acceptance Criteria. Following are the technical criteria for the LMB:

» All blanks must be analyzed on a GC/MS system meeting the DFTPP instrument performance check
and initial calibration or continuing calibration technical acceptance criteria.

*» The percent recovery for each of the surrogates in the blank must be within the acceptance windows.
* The area response change for each of the internal standards for the blank must be within -50 percent and
+100 percent compared to the internal standards in the most recent continuing calibration analysis.

» The retention time for each of the internal standards must be within +20.0 seconds between the blank

and the most recent CAL 3 analysis.
* The LMB must not contain any target analyte at a concentration greater than the MDL and must not
contain additional compounds with elution characteristics and mass spectral features that would interfere
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with identification and measurement of a method analyte at its MDL. If the LMB that was extracted
along with a batch of samples is contaminated, the entire batch of samples must be flagged.

13.3.6.5 Corrective Action. Perform the following if the LCBs exceed criteria:

+ If the blanks do not meet the technical acceptance criteria, the analyst must consider the analytical
system to be out of control. It is the analyst's responsibility to ensure that method interferences caused
by contaminants in solvents, reagents, glassware, and other sample storage and processing hardware
that lead to discrete artifacts and/or elevated baselines in gas chromatograms be eliminated. If
contamination is a problem, the source of the contamination must be investigated and appropriate
corrective measure MUST be taken and documented before further sample analysis proceeds.

* All samples processed with a method blank that is out of control (i.e., contaminated) will require data
qualifiers to be attached to the analytical results.

13.3.7 Laboratory Control Spike (LCS).

13.3.7.1 Summary. The purpose of the LCS is to monitor the extraction efficiency of Compendium
Method TO-13A target analytes from a clean, uncontaminated PUF cartridge. An LCS is an unused, certified
PUF that is spiked with the target analytes (1 1.g) and carried through the same extraction procedures as the field
samples. The LCS must contain the same amount of surrogate compounds and internal standards that is added
to each sample. All field samples must be extracted and analyzed with an associated LCS. All steps in the
analytical procedure must use the same reagents, standards, surrogate compounds, equipment, apparatus,
glassware, and solvents that would be used for a sample analysis.

13.3.7.2 Frequency. Analyze an LCS along with each of <20 samples through the entire extraction,

concentration, and analysis. (The laboratory may also analyze a laboratory reagent blank which is the same as
an LMB except that no surrogate compounds or internal standards are added. This demonstrates that reagents
contain no impurities producing an ion current above the level of background noise for quantitation ions of those
compounds.)

13.3.7.3 Procedure. Extract and analyze a clean, unused certified PUF cartridge assembly.

13.3.7.4 Technical Acceptance Criteria. Technical criteria for the LCS are:

* All LCSs must be analyzed on a GC/MS system meeting the DFTPP instrument performance check and
initial calibration or continuing calibration technical acceptance criteria.

» The percent recovery for each of the surrogates in the LCS must be within the acceptance windows.

» The area response change for each of the internal standards for the LCS must be within -50 percent and
+100 percent compared to the internal standards in the most recent continuing calibration analysis.

* The retention time for each of the internal standards must be within +20.0 seconds between the LCS and
the most recent CAL 3 analysis.

* All target analytes spiked on the certified PUF cartridge must meet a percent recovery between 60-120
to be acceptable.

13.3.7.5 Corrective Action. Perform the following if the LCS exceed criteria:

+ Ifthe LCS do not meet the technical acceptance criteria, the analyst must consider the analytical system
to be out of control. It is the analyst's responsibility to ensure that method interferences caused by
contaminants in solvents, reagents, glassware, and other sample storage and processing hardware that
lead to discrete artifacts and/or elevated baselines in gas chromatograms be eliminated. If contamination
is a problem, the source of the contamination must be investigated and appropriate corrective measure
MUST be taken and documented before further sample analysis proceeds.
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* All samples processed with a LCS that is out of control (i.e., contaminated) will require re-analysis or
data qualifiers to be attached to the analytical results.

13.4 Sample Analysis by GC/MS

13.4.1 Summary. The sample extract is analyzed by GC/MS and quantitated by the internal standard
method.

13.4.2 Frequency. Before samples can be analyzed, the instrument must meet the GC/MS tuning and initial
calibration or continuing calibration technical acceptance criteria. If there is time remaining in the 12-hour time
period with a valid initial calibration or continuing calibration, samples may be analyzed in the GC/MS system
that meet the instrument performance check criteria.

13.4.3 Procedure. For sample analysis, perform the following:

*» Set up the GC/MS system.

* All sample extracts must be allowed to warm to ambient temperature (~1 hour) before analysis. All sample
extracts must be analyzed under the same instrumental conditions as the calibration standards.

* Add the internal standard spiking solution to the 1.0 mL extract. For sample dilutions, add an appropriate
amount of the internal standard spiking solution to maintain the concentration of the internal standards at
2 ng/pL in the diluted extract.

* Inject 2.0 pL of sample extract into the GC/MS, and start data acquisition.

* When all semi-volatile target compounds have eluted from the GC, terminate the MS data acquisition and
store data files on the data system storage device. Use appropriate data output software to display full
range mass spectra and SICPs. The sample analysis using the GC/MS is based on a combination of
retention times and relative abundances of selected ions (see Table 6). These qualifiers should be stored
on the hard disk of the GC/MS data computer and are applied for identification of each chromatographic
peak. The retention time qualifier is determined to be +0.10 minute of the library retention time of the
compound. The acceptance level for relative abundance is determined to be +15% of the expected
abundance. Three ions are measured for most of the PAH compounds. When compound identification is
made by the computer, any peak that fails any of the qualifying tests is flagged (e.g., with an *). The data
should be manually examined by the analyst to determine the reason for the flag and whether the compound
should be reported as found. Although this step adds some subjective judgment to the analysis, computer-
generated identification problems can be clarified by an experienced operator. Manual inspection of the
quantitative results should also be performed to verify concentrations outside the expected range.

13.4.4 Dilutions. The following section provides guidance when an analyte exceeds the calibration curve.

* When a sample extract is analyzed that has an analyte target compound concentration greater than the
upper limit of the initial calibration range or saturated ions from a compound excluding the compound
peaks in the solvent front), the extract must be diluted and reanalyzed. Secondary ion quantitation is only
allowed when there are sample interferences with the primary quantitation ion. If secondary ion
quantitation is used, calculate a relative response factor using the area response for the most intense
secondary ion which is free of sample interferences, and document the reasons for the use of the secondary
ion.

* Calculate the sample dilution necessary to keep the semi-volatile target compounds that required dilution
within the upper half of the initial calibration range so that no compound has saturated ions (excluding the
compound peaks in the solvent front). Dilute the sample in hexane in a volumetric flask. Analyze the
sample dilution.
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The dilution factor chosen should keep the response of the largest peak for a target compound in the upper
half of the initial calibration range of the instrument.

If the on-column concentration of any target compound in any sample exceeds the initial calibration range,
that sample must be diluted, the internal standard concentration readjusted, and the sample extract
reanalyzed.

Use the results of the original analysis to determine the approximate dilution factor required to_get the
largest analyte peak within the initial calibration range.

13.4.5 Quantitation. This section provides guidance for quantitating PAH analytes.

Target components identified shall be quantified by the internal standard method. The internal standards
used for the target compounds are the ones nearest the retention time of a given analyte.

The relative response factor (RRF) from the daily continuing calibration standard analysis (or RRF of CAL
3) if the sample is analyzed in the same 12-hour sequence as the initial calibration) is used to calculate the
concentration in the sample. Secondary ion quantitation is allowed gnly when there are sample
interferences with the primary ion. If secondary ion quantitation is performed, document the reasons. The
area of a secondary ion cannot be substituted for the area of a primary ion unless a relative response factor
is calculated using the secondary ion.

A retention time window is calculated for each single component analyte and surrogate. Windows are
established as +0.01 RRT units of the retention time for the analyte in CAL 3 of the initial calibration or
the continuing calibration.

13.4.6 Calculations. Perform the following calculations:

13.4.6.1 Calculation of Concentration. Calculate target compound concentrations using the following

equation:

_ ALVD,

Concentration, (ng/std m?) —
A VRRF

= area response for the compound to be measured, counts

;s = area response for the internal standard, counts

.= amount of internal standard, ng/ul.
= the mean RRF from the most recent initial calibration, dimensionless
.= volume of air sampled, std m

V,= volume of final extract, pL
D;= dilution factor for the extract. If there was no dilution, D; equals 1. If the sample was diluted, the D,

is greater than 1.

The concentrations calculated can be converted to ppb, for general reference. The analyte concentration can be
converted to ppb, using the following equation:

C,(ppb,) = C,(ng/m?) x 24.4/MW,

where:
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C,= concentration of analyte calculated, ng/std. m®
MW, = molecular weight of analyte, g/g-mole
24.4 = molar volume occupied by ideal gas at standard temperature and pressure (25°C and 760 mm Hg),
L/mole.

13.4.6.2 Estimated Concentration. The equation in Section 13.4.6.1 is also used for calculating the
concentrations of the non-target compounds. Total area counts (or peak heights) from the total ion chromatogram
generated by the mass spectrometer for Compendium Method TO-13A PAHs (see Figure 16) are to be used for
both the non-target compound to be measured (A,) and the internal standard (A,). Associate the nearest internal
standard free of interferences with the non-target compound to be measured. A relative response factor (RRF)
of one (1) is to be assumed. The value from this quantitation shall be qualified as estimated ("J") (estimated, due
to lack of a compound-specific response factor) and "N" (presumptive evidence of presence), indicating the
quantitative and qualitative uncertainties associated with this non-target component. An estimated concentration
should be calculated for all tentatively identified compounds (TICs) as well as those identified as unknowns.

13.4.6.3 Surrogate Percent Recovery (%R). Calculate the surrogate percent recovery using the
following equation:

%R = & x 100
Q

a

where:
Q; = Quantity determined by analysis, ng
Q.= Quantity added to sample/blank, ng

The surrogate percent recovery must fall between 60-120% to be acceptable.

13.4.6.4 Percent Area Response Change (%ARC). Calculate the percent area response change
(%ARC) for the sample/blank analysis compared to the most recent CAL 3 analysis for each of the internal
standard compounds using the following equation:

A - A
%ARC = Tx 100

where:
%ARC = percent area response change, %
A = area response of the internal standard in the sample/blank analysis, counts
A, = arearesponse of the internal standard in the most recent CAL 3 analysis, counts

The area change for the internal standard must not exceed -50 to +100 percent.
13.4.6.5 Internal Standard Retention Time Shift (RTS). Calculate the retention time shift (RTS)

between the sample/blank analysis and the most recent CAL 3 analysis for each of the internal standards using
the following equation:

RTS = RT, - RT,

where:
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RT,= retention time of the IS in the sample
RT, = retention time of the IS in the most recent CAL 3 analysis.

13.4.7 Technical Acceptance Criteria. The following guideline is provided as technical acceptance criteria.
13.4.7.1 All target compound concentrations must not exceed the upper limit of the initial calibration range
and no compound ion (excluding the compound peaks in the solvent front) may saturate the detector.
13.4.7.2 Internal standard responses and retention times in all samples must be evaluated during or
immediately after data acquisition. If the retention time for any internal standard changes by more than 20
seconds from the latest continuing calibration standard or CAL 3 if samples are analyzed in the same 12-hour
sequence as the initial calibration, the chromatographic system must be inspected for malfunctions, and
corrections made as required. The SICP of the internal standards must be monitored and evaluated for each field
and QC sample. Ifthe SICP area for any internal standard changes by more than a factor of -50 to +100 percent,
the mass spectrometric system must be inspected for malfunction and corrections made as appropriate. If the
analysis of a subsequent sample or standard indicates that the system is functioning properly, then corrections
may not be required.
13.4.7.3 When target compounds are below the low standard, but the spectrum meets the identification
criteria, report the concentration/amount with a "J." For example, if the low standard corresponds to 0.1.g and
an amount of 0.05 wg is calculated, report as "0.05J."
13.4.8 Corrective Action. The following section provides guidance if analyte exceeds the technical criteria.

» If the sample technical acceptance criteria for the surrogates and internal standards are not met, check
calculations, surrogate and internal standard solutions, and instrument performance. It may be necessary
to recalibrate the instrument or take other corrective action procedures to meet the surrogate and internal
standard technical acceptance criteria.

* Sample analysis technical acceptance criteria must be met before data are reported. Samples contaminated
from laboratory sources, or associated with a contaminated method blank, or any samples analyzed that
are not meet the technical acceptance criteria will require reanalysis.

* The samples or standards with SICP areas outside the limits must be reanalyzed. If corrections are made,
then the laboratory must demonstrate that the mass spectrometric system is functioning properly. This
must be accomplished by the analysis of a standard or sample that mects the SICP criteria. After
corrections are made, the reanalysis of samples analyzed while the system was malfunctioning is required.

+ If after reanalysis, the SICP areas for all internal standards are inside the technical acceptance limits (-50
to +100 percent), then the problem with the first analysis is considered to have been within the control of
the laboratory. Therefore, submit only data from the analysis with SICPs within the technical acceptance
limits. This is considered the initial analysis and must be reported as such on all data deliverables.

+ If the reanalysis of the sample does not solve the problem (i.e., the SICP areas are outside the technical
acceptance limits for both analyses) then the laboratory must submit the SICP data and sample data from
both analyses. Distinguish between the initial analysis and the reanalysis on all data deliverables, using
the sample suffixes specified.

*» Tentative identification of an analyte occurs when a peak from a sample extract falls within the daily
retention time window.

» If sample peaks are not detected, or all are less than full-scale deflection, the undiluted extract is acceptable
for GC/MS analysis. If any sample ions are greater than the 120 percent of the initial calibration curve
range, calculate the dilution necessary to reduce the major ion to between half- and full-range response.
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14. Quality Assurance/Quality Control (QA/QC)
14.1 General System QA/QC

14.1.1 Each laboratory that uses Compendium Method TO-13A must operate a formal quality control
program. The minimum requirements of this program consist of an initial demonstration of laboratory capability
and an ongoing analysis of spiked samples to evaluate and document quality data. The laboratory must maintain
records to document the quality of the data generated. Ongoing data quality checks are compared with established
performance criteria to determine if the results of analyses meet the performance characteristics of the method.
When results of sample spikes indicate a typical method performance, a quality control check standard must be
analyzed to confirm that the measurements were performed in an in-control mode of operation.

14.1.2 Before processing any samples, the analyst should demonstrate, through the analysis of a reagent
solvent blank, that interferences from the analytical system, glassware, and reagents are under control. Each time
a set of samples is extracted or there is a change in reagents, a reagent solvent blank should be processed as a
safeguard against chronic laboratory contamination. The blank samples should be carried through all stages of
the sample preparation and measurement steps.

14.1.3 For each analytical batch (up to 20 samples), a reagent blank, matrix spike, and deuterated/surrogate
samples must be analyzed (the frequency of the spikes may be different for different monitoring programs). The
blank and spiked samples must be carried through all stages of the sample preparation and measurement steps.

14.1.4 The experience of the analyst performing GC/MS is invaluable to the success of the methods. Each
day that analysis is performed, the daily calibration sample should be evaluated to determine if the
chromatographic system is operating properly. Questions that should be asked are: Do the peaks look normal?
Are the response windows obtained comparable to the response from previous calibrations? Careful examination
of the standard chromatogram can indicate whether the column is still good, the injector is leaking, the injector
septum needs replacing, etc. If any changes are made to the system (e.g., column changed), recalibration of the
system must take place.

14.2 Process, Field, and Solvent Blanks

14.2.1 One PUF cartridge and filter from each batch of approximately 20 should be analyzed without
shipment to the field for the compounds of interest to serve as a process blank. A blank level specified in
Section 10.2 for each cartridge/filter assembly is considered to be acceptable.

14.2.2 During each sampling episode, at least one cartridge and filter should be shipped to the field and
returned, without drawing air through the sampler, to serve as a field blank.

14.2.3 During the analysis of each batch of samples at least one solvent process blank (all steps conducted
but no cartridge or filter included) should be carried through the procedure and analyzed. Blank levels should
be those specified in Section 10.2 for single components to be acceptable.

14.2.4 Because the sampling configuration (filter and backup sorbent) has been tested for targeted PAHs
in the laboratory in relationship to collection efficiency and has been demonstrated to be greater than 95 percent
for targeted PAHs (except naphthalene, acenaphthylene, and acenaphthene), no field recovery evaluation is
required as part of the QA/QC program outlined in this section,
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PAHs _ Method TO-13A

TABLE 2. GC-MS OPERATING CONDITIONS
Conditions

J&W Scientific, DB-5 crosslinked 5% phenylmethyl silicone
(30m x 0.32 mm, 1.0 um film thickness) or equivalent

Helium, velocity between 28-30 cm®/sec at 250°C

il Injection Volume 2 pL, Grob-type, splitless

il Injector Temperature 290°C

Temperature Program

Initial Column Temperature 70°C

#i Initial Hold Time 41 0.1 min.

Program 10°C/min to 300°C and hold 10 min.

| Final Temperature 300°C

Final Hold Time 10 min. or until all compounds of interest have eluted
Mass Spectrometer

j Transfer Line Temperature 290°C or According to Manufacturer's Specification

| Source Temperature According to Manufacturer's Specifications

| Electron Energy 70 volts (nominal)

\ Ionization Mode EI

il Mass Range 35 to 500 amu, full range data acquisition (SCAN) mode
{i_Scan Time At least 5 scans per peak, not to exceed 1 second per scan.

TABLE 3. DFTPP KEY IONS & ION

ABUNDANCE CRITERIA

ﬂl Mass Ion Abundance Criteria

51 30 to 60% of mass 198

68 Less than 2% of mass 69

70 Less than 2% of mass 69

127 40 to 60% of mass'198

197 Less than 2% of mass 198

198 Base peak, 100% relative abundance

199 5 to 9% of mass 198

275 10 to 30% of mass 198

365 Greater than 1.0% of mass 198

441 Present but less than mass 443

442 40% of mass 198

443 17 to 23% of mass 442
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TABLE 4. COMPOSITION AND APPROXIMATE CONCENTRATION

OF CALIBRATION SOLUTIONS
Concentration, ng/
Target Compound CAL 1 CAL 2 CAL 3 CAL 4

H PAHs 0.10 0.25 0.50 1.25
Acenaphthene 0.10 0.25 0.50 1.25
Acenaphthylene 0.10 0.25 0.50 1.25
Anthracene 0.10 0.25 0.50 1.25
Benz(a)anthracene 0.10 0.25 ) 0.50 1.25
Benzo(a)pyrene 0.10 0.25 0.50 1.25
Benzo(b)fluoranthene 0.10 0.25 0.50 1.25
Benzo(e)pyrene 0.10 0.25 0.50 1.25
Benzo(g.h,i)perylene 0.10 0.25 0.50 1.25
Benzo(k)fluoranthene 0.10 0.25 0.50 1.25
Chrysene 0.10 0.25 0.50 1.25
Perylene 0.10 0.25 0.50 1.25
Dibenz{a,h)anthracene 0.10 0.25 0.50 1.25
Fluoranthene 0.10 0.25 0.50 1.25
Fluorene 0.10 0.25 0.50 1.25
Indeno(1,2,3-c,d)pyrene 0.10 0.25 0.50 1.25
Naphthalene 0.10 0.25 0.50 1.25
Coronene 0.10 0.25 0.50 1.25
Phenanthrene 0.10 0.25 0.50 1.25
0.10 0.25 0.50 1.25

Page 13A-48 Compendium of Methods for Toxic Organic Air Pollutants January 1999



PAHs

Method TO-13A

Target Compound

TABLE 4. (Continued)

Concentration, n,

CAL 3

CAL 4

CAL 5

SUGGESTED INTERNAL
STANDARDS

D,-Naphthalene

D,,-Chrysene 0.5 0.5 0.5
D,,-Perylene 0.5 0.5 0.5
SUGGESTED SURROGATE
COMPOUNDS
-Fluoranthene (field) 0.50 1.25 2.50
D,;-Benzo[a]pyrene (field) 0.50 1.25 2.50
-Fluorene (lab) 0.50 1.25 2.50
0.50 1.25 2.50
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PAHSs

TABLE 5. CHARACTERISTIC IONS FOR SURROGATE SUGGESTED STANDARDS

Classification Secondary Ion

Internal Standards
D;-Naphthalene 136 68,137
D, -Acenaphthene 164 162,165
D,-Phenanthrene 188 94,189
D,,-Chrysene 240 120,241
D,,-Perylene 264 260,265
Laboratory Surrogates |
D,(-Fluorene 176 88,177
D,,-Pyrene 212 106,213
Field Surrogates
D,o-Fluoranthene 212 106,213
D,.-Benzo(a)pyrene 264 132,265
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TABLE 6. EXAMPLE OF CHARACTERISTIC IONS FOR COMMON PAHs

Analyte Secondary Ion(s)
Pyrene 202 101,203
Benz(a)anthracene 228 229,226
Chrysene 228 226,229
Benzo(a)pyrene 252 253,126
Benzo(b)fluoranthene 252 253,126
Benzo(k)fluoranthene 252 253,126
Benzo(g,h,i)perylene 276 138,277
Dibenz(a,h)anthracene 278 139,279
Anthracene 178 179,176
Phenanthrene 178 179,176
Acenaphthene 154 153,152
Acenaphthylene 152 151,153
H Benzo(e)pyrene 252 253,126
Fluoranthene 202 101,203
Fluorene 166 _ 165,167
Ideno(1,2,3-cd)pyrene 276 138,227
Il Naphthalene 128 129,127
Perylene 252 253,126
Coronene 300 150,301
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PAHs

TABLE 7. EXAMPLE OF RELATIVE RESPONSE FACTOR CRITERIA

FOR INITIAL AND CONTINUING CALIBRATION OF
COMMON SEMI-VOLATILE COMPOUNDS
E———

Semi-volatile Minimum Maximum Maximum
Compounds RRF %RSD %Difference

Naphthalene 0.700 30 30
Acenaphthylene 1.300 30 30
Acenaphthene 0.800 30 30
Fluorene 0.900 30 30
Phenanthrene 0.700 30 30
Anthracene 0.700 30 30
Fluoranthene 0.600 30 30
Pyrene 0.600 30 30
Benz(a)anthracene 0.800 30 30
Chrysene 0.700 30 30
Benzo(b)fluoranthene 0.700 30 30 B
Benzo(k)fluoranthene 0.700 30 30
Benzo(a)pyrene 0.700 30 30
Indeno(l,2,3-cd)pyrene 0.500 30 30

|_Dibenz(a,h)anthracene 0.400 30 30
Benzo(g h,i)perylene 0.500 30 30
Perylene 0.500 30 30
Coronene
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TABLE 8. MINIMUM SAMPLING EQUIPMENT CALIBRATION AND
ACCURACY REQUIREMENTS

Equipment

Acceptance limits

Frequency and method of
measurement

Action if require-

| ments are not met

Sampler

Indicated flow rate =

true flow rate, £10%.

Calibrate with certified
transfer standard on
receipt, after
maintenance on sampler,
and any time audits or
flow checks deviate more
than +£10% from the
indicated flow rate or
+10% from the design
flow rate.

Recalibrate

Sampler on/off timer

+30 min/24 hour

Check at purchase and
routinely on sample-
recovery days

Adjust or replace

II Elapsed-time meter

+30 min/24 hour

Compare with a standard
time-piece of known
accuracy at receipt and at
6-month intervals

Adjust or replace

Flowrate transfer
standard (orifice
device)

|

Check at receipt for
visual damage

Recalibrate annually
against positive
displacement standard
volume meter

Adopt new
calibration curve
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Acenaphthene
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Benz(a)anthracene

Benzo(g,h,i)perylene

-

0
g
S

Chrysene

W

(9

<&

Acenaphthylene

Y

Benzo(b)fluoranthene

e

Benzo(a)pyrene

OOOO

Dibenz(a,h)anthracene
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Figure 1. Ring structure of common PAHs.
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Sampling Head
(see Figure 3)

O e SOAMOT ALAIANETEX KX 8433 4k 2 7. [l XX

Magnehlic Gauge ¢
0-100in. - H
Flow Control
Valve
: E——— Voltage Variator
~ag—— Elapsed Time
: Meter
|
| Exhaust Duct ~4———  7-Day Timer
(6in.x 10 &)

Base Plate

Figure 2. Typical high volume air sampler for PAHs.
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PAHSs

ASSEMBLED
SAMPLING

MODULE

PUF or XAD-2
SORBENT

Figure 3. Typical absorbent cartridge assembly for sampling PAHs.
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(>— Woter Out

P = Allihn

water In —P Condenser «w———— 3 Ball Macro
Synder Column
Soxhlet
Extraction ;
Tube ond —™
Thimble
500 mL
-s— Evoporator
ask

‘1 10 mL
wt—— Concentrotor
. Tube

(a) Soxhlet Extraction Apparatus (b) Kuderna—Danish (K-D) Evaporator
with Allihn Condenser with Macro Synder Column

Disposable 6 inch __g..
Posteur Pipette

.....

-~]«a— 1 Grom Sodium Sulfote

<ws— 10 Gram Silico
Get Slurry

3 Inches
T -— Glass Wool Plug

(c) Silica Gel Clean—up Column

Figure 4. Apparatus used for sample clean-up and extraction.
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Glass PUF Cartridge with
Stainless Steel Screens

.@—End Cap

64mm O.D.
oy

T ;D

— PUF Plug

| Glass
Cartridge

@End Cap '

5a. Glass PUF cartridge, plug, and end caps.

Accessories

=
=2

Teflon Sealing Caps  PUF Insert
with O-rings for
capping PUF Sampler

e e

Aluminum Canister for Shipping
and Storage of the PUF Sampler

5b. PUF shipping container. :

Figure 5. Glass PUF cartridge (5a) and shipping container
(5b) for use with Compendium Method TO-13A.
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Method TO-13A

b

2 § DERSENEET) EROCTISCESHIS ISR EICTERTn )

4" Diameter Pullflex

Filter and Support

PUF Adsorbent

Cartridge and Support

Quick Release Connections

,.I I_.v.: DEl K

el

Venturi

[EE] § o &

£

for Module

Quick Release Connections

for Magnahelic Gage

Flow Control Valve

Elapsed Time Indicator

] Figure 6. Example of a field portable high volume air sampler for
sampling PAHs developed by EPA.
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111
= I
E i Water
= Manometer by Borometer
Mercury & o § .
Monometer = Air Flow
; § Thermometer
H H =
1E = Orifice
k @ § iter Adapter

} Rootsmeter

High Volume Motor

Resistance Plotes

Figure 7. Positive displacement rootsmeter used to calibrate orifice transfer standard
used in Compendium Method TO-13A.
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PAHs
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PAHs

Sampling head

AENW LTI IO ES TP 0L S OA s o r ST asrsra|

Magnehslic gauge

l\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;\\\\\\\\\\\\\\\\\\\\)

— Blower

==
motor
Exhaust duct |
Motor :D.Sf__ 7-day
support timer

=== Pipa fiting (172in.}

Elapsed time
meter

Figure 9. Typical field calibration configuration for Compendium Method TO-13A sampler.
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FIELD CALIBRATION DATA SHEET FOR COMPENDIUM METHOD TO-13A PAH

SAMPLER CALIBRATION
Sampler ID:
Sampler Location:
Calibration Orifice ID:
Job No.:
High Volume Transfer Orifice Data:
Correlation Coefficient (CCl): Slope (M1):
(CC2): (M2):
Intercept (B1):
(B2):

Calibration Date: ____ Time:

Calibration Ambient Temperature: ___°F °C CALIBRATOR'S SIGNATURE
Calibration Ambient Barometric Pressure: ____ "Hg mm Hg

Calibration set point (SP):

SAMPLER CALIBRATION
Actual values from calibration Calibrated values
Orifice manometer, | Monitor magnehelic, Calculated value
inches inches Orifice manometer | Monitor magnehelic orifice flow, scm
Y1) (Y2) (Y3) Y4 X1)
70
60
50
40
30
20
10
Definiti
Y1 = Calibration orifice reading, in. H,0 Y4 = Calculated value for magnehelic
Y2 = Monitor magnehelic reading, in. H,O = {Y2(Pa/760)[298/(Ta+ 273)]}*
P, = Barometric pressure actual, mm Hg X1 = Calculated value orifice flow, scm
Bl = Manufacturer's Calibration orifice Intercept = (Y3-Bl)M1
M1 = Manufacturer's Calibration orifice manometer P, = Barometric pressure standard, 760 mm Hg
slope T, = Temperature actual, °C
Y3 = Calculated value for orifice manometer T, = Temperature standard, 25°C

= {Y1(Pa/760)[298/(Ta + 273)]}*

Figure 10. Typical orifice transfer field calibration data sheet for Compendium Method TO-13A.
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Shutoff Valves - - g
. —— " ) (H,O) l (H:O) ad].
Calibrated
Orifice
Y4 Ye Manomet
(Ho ad) ~ @ {(H:0) . : 5 18 infar
Sampling Head ==, 3 X
3 {scmm)
Enhaust Duct NN
Y Motor \ 7-Day
Support \ ’D‘Sf'_ Timer
NN
————y Linear regression of X1 (scmm) vs. Y4 P
Calcutate B2 and M2
‘ Y5 = [avg. mag. A H (Pum /Tam) (298 / 760)] /2

X2 = (Y5-B2)/M2

Compendium Method TO-13A sampler.
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Method TO-13A
COMPENDIUM METHOD TO-13A
FIELD TEST DATA SHEET
GENERAL INFORMATION
Sampler I.D. No.: Operator:
Lab PUF Sample No.: Other:

Sample location:

PUF Cartridge Certification Date: Start Stop
Date/Time PUF Cartridge Installed: Barometric pressure (""Hg)
Elapsed Timer: - Ambient Temperature (°F)
Start Rain Yes Yes
Stop No No
Diff. Sampling time
Sampling Start
Stop
M1 B1 Diff.
M2 B2
Audit flow check within +£10 of set point
Yes
No
CALCULATED —II
BAROMETRIC MAGNEHELIC FLOW RATE
TIME TEMP PRESSURE READING (std. m*) READ BY
Avg,
Comments

Figure 12. Example of typical Compendium Method TO-13A field test data sheet (FTDS).
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PUF Fleld Surrogate
il Adsorbent Addition
[ T (Section 10.4.1)
I
SUHOLSZQ%;%M Soxhlet Extraction in 10% Diethy}
Addition for ey Ether/Hexane
GC/MS Analysls [18 hours/3 cycles/r]
(Section 12.2) (Section 12.2)
Drying with Anhydrous Sodlum
Sulfate
(Section 12.2.1.2)
Kuderna-Danish (K-D) Evaporator Attached
with Macro Snyder Column waatteeroia:m
(Section 12.2.2)
Internal Standards (ISs)
{lo Extiest Glean-ip Regured) c;n: eontrite Added to Concentrate
sl (Section 12.3.6)
(Extract Ciean-up
’ Required)
Silica Gel Column Topped with
Sodium Sulfate
(Section 12.3)

Diethyl Ether/Pentane Fraction
Concentrated by K-D Apparatus to 1 mL

(Section 12.3.5)

1

Analysis by
GC/MS/DS

Gas Chromatography -
Mass Spectroscopy
(Section 13.0)

Figure 13. Sample clean-up, concentration, separation and analysis sequence for common PAHSs.
[Note: XAD-2 sequence is similar to PUF except methylene chloride is the solvent.]
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Filter Plus
PUF Adsorbent
Soxhiet
Extraction
Kudema-Danish (K-D)
Concentrator
GC/MS/SCAN
[
| I
Initial Calibration Using
e Multi-Point Internal Routine Callbration
9 Calibration Standards
- lon Abundance with DFTPP - Retention Time - Continuous Calibration
Check (CCC) every
- Mass Assignment - Deuterated STD's Added 12-hours

- Relative Response Factors - Laboratory Contrgl Spike
(RRF) (LCS) Evaluation

- System Performance Check - Laboratory Method Blank
Compounds (LMB)

- Solvent Method Blank

+ Field/Trip Blanks

Figure 14. Typical quality assurance specifications for GC/MS/DS operation.
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PAHSs
SAMP: S,VER,DIR, STD MIX CAL3 (8.Sug/ml) 4273-868—4
CAP 38M,8. azm 1. mm.'m—aaasm 3at:w H MOLLOY nn—aw—r 12/&4/96 20833
1881 Haphalena 128 Frin 454656
(a)
YFE 1
137\ a7
8 126
@ 10.
ol32 41 r5“] 7411 ||". [“71 mzﬂ T A ”||r
wsz g9 ge lve " " ige ' jd@ O 1é@ T ide T Zewe|
8aMP: 8,VER,DIR, STD MIX CAL3 (B.Sug/ml) 4273-88-4
mrm.am1wn7a—3aaewaacu/n HOLLO'Z rm-eaa—r ma
3 T aconaphthylons “152 ;
(b)
%FS 1
15
7 18 53
2 7
sp_sa) "é A I X 136 149
lv® 98 e@ " @@ ade " dde " ida le@  i%e  gow
Figure 15. Mass spectra of Compendium Method TO-13A compounds
for (a) naphthalene and (b) acenaphthylene.
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SANP: S,VER,DIR, STD HIX CAL3 (8.Sug/ml) 4273—88—4
mraan.aazm,iann-mmmvn IIOLLOY Mp-828-F 1278496 2833
; B3 to B)+(®@ 1o
153 377336

34

()

13

s % f ! 1seq ||| 255
ol3 3 6=1rr;“ || T i 162 ‘
n/s 4 60 = 8@ 188 2~ 120 200 149 168 =~ 168 2 290

SAMP: 8,VER,DIR, . STD MIX CAL3 (8.Sug/nl) 4273-88-4
CAP,38M,8 . 32MM, 1.6UM, 78-388918,30CH M. MOLLOY MD-888-F 12/84/96 2833
TBAFaE” 1114 (16.142) COMBINE: (1114 to B)-(((1893 to 8)+(8 to H))u a88)

190- Fluorene 557856

()

167

8183 163
]_ ( te

139
39 sp 63 r".ﬂ] 87”9 it 1“\.1 Tay
borf 48 €@ 80 Jop i3 " ide = jee = 190 299

Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (c) acenaphthene and (d) fluorene.
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PAHs
SAMP: S,VER,DIR, STD MIX CAL3 (8.Sug/ml) 4273-88-4
CAP,38M,8.32MM1,1. BUH 75—380016 mcrv M. MOLLOY MD-868-F 12/84/96 2933
LB4FY B B . o . 385 to B)+(@ to B)Ix1. m)
I 860160
(e)
«LFS A
17
79
7 a
? 88
) s S 7eq !} "'{lr 98 136 139'%% I|T 1*’2\] r"
Wz 48 220 6@ 8@ ' 188  13@ 3 ~____18@ 280
SANMP: S,VER,DIR, 8TD MIX CAL3 (8.Sug/mnl) 4273884
CAP,38M,8. 3am 1. wn 78—38“13.38(3’ ll HOLLO? HD-BBB 12/84-96 2833
HFEST 13 : : - 8)+{0 to B))»1.B887
o 178 851968
(f
®F'S |
1?7
79
] 13 175 1
o 52 74 09 7‘1“, ) 136 2% u:]T 1747 l Ny
V4 éa ' es i@ " Jde ___1ée 1686 200
Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (€) anthracene and (f) phenanthrene.
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SaMP: 8,VER,DIR, STD MIX CAL3 (8.Sug/ml) 4273804
W,SBH a. 3zm 1 aun 78-388310 3gc/ H HOLLOY HD—BBB—F 12/84/9% 2833
34 b& {hiE 4 [6H B to 9))xl 088
189+ Pluoranthene 202 95@27a
@
S -
57
208
23
. 212
150 199
1313 &37 141 1¥§516Q\1I? {?. 13 ' .
. ~ 188 220 240 |
SAMP: 8,VER,DIR, STD MIX CAL3 (8.5ug’/ml) 4273-88—4

CAP,38M,8 . 32MM,1.8UN, 78—388810 380!1/ H MLLO'I HD—BBB—F : 12/84-96 2833

991232

(h)

7FS
88 99
ol .. 35 ‘{’,'(?‘i&lrs
w'z 68 a9

Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (g) fluoranthene and (h) pyrene.
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PAHs

SAMP: 8,VER,DIR,

YIS

Benz (a)nnthracane a:ra 991139]

U)

s o

S8TD MIX CAL3 (8.5ug/ml) 4273-88—4
CRP SBH BBZHH 1. BUH 7&3&818 3801/ H HOLLO!HD—B&—F 12/94/96 2833

[5 to B)+(8 to B))»1.6888)

326
a9

- 240
176187 agw 207 il I i
209

EB

ise _z2fe - 280

SAMP: S,VER,DIR,

CON

CﬂP 3&1.8 32ﬂ| 1. BUI'I.'?E-SBNIB :an H I'IOLLO!HD—BBB—I-‘ : 12/04/36 2833

STD MIX CAL3 (8.5ug/ml) 4273884

0
TS
226
P 29
° 63 75 %P 130 E s a1
vz 5@ ¥ 109 4 isa : 239 : ET ]
Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (i) benz(a)anthracene and (j) chrysene.
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SAMP: S,VER,DIR, STD MIX CAL3 (B.5ug/ml) 4273-86-4
CAP,38M,0.32M1, 1 0UN, 78_J0ee1n, 30t M. HOLLOY HD-88e-F 12/84/96 2833

188 Banzo(b)fluoranthane . 32 ) 788416

(k)

Y.FE 4
as
136 53
123
113
112 248 =a
elas 37 71 89 3t ld age 230
bz~ 58 : 199 1de _ 200 _ " 280 |
SAMP: S,VER,DIR, STD MIX CAL3 (B.Sug/ml) 4273-88-4
cer.aam.a 32HH 1. BUH 78—388@18 SBCH/ H HOLLO? HD—BSB—F 12784796 2833
e > - “OHBTNE : 7, §)+(D to 0))wi.888)
1090- Banzo(k)fluoranthene asa 684832
(
AFS 4
126 a5
12 53
97 113
2 r 112 : 248 -
B T Gl “‘LF‘ i J 149 . 200 %34 .
n/= h 158 2008 209

Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (k) benzo(b)fluoranthene and (1) benzo(k)fluoranthene.
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PAHSs
SAMP: S,VER,DIR, STD MIX CAL3 (8.5ug/nl) 4273-88-4
cnr.sau 6 ml BI.I!'I 78—308313 380!1/ H HOLLO!! HD—B&G—F 12/84/96 2833
: 532490]
(m)
YFS
25
126 93
143
o7 1127 24 264 oal
@ Blegq1ilyl 192 298 a&q 247 265
wE  sa . T ' ade T FT.T) MR ]
SAMP: S,VER,DIR, STD MIX CAL3 (B.Sug/ml) 4273-88-4
CAP 3BH a. 32HH 1. M.?B—Miﬂ 380!1/ N. I'IOLLOY HD-8B8-F 12/84/96
: 738 29, 3 366 to @)+(@ to BIIwL M)
188 Benzo(e)pgrane aTa 503808
(n)
%FS
2s
125 -
-126
113
113 224 254
ol P ieetit 147 gl | 10
\ﬂ 5@ ’ 100 158 i 208 2 300

Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (m) benzo(a)pyrene and (n) benzo(e)pyrene.
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Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (o) benzo(g,h,i)perylene and (p) indeno(1,2,3-cd)pyrene.
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PAHs
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Figure 15 (Cont). Mass spectra of Compendium Method TO-13A
compounds for (q) dibenz(a,h)anthracene.
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Figure 16. Total ion chromatogram (TIC) of Compendium Method TO-13A target PAHs.
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ELEMENTS by ICP
(Aqua Regia Ashing)

MW: Table 1

CAS: Table 2

7301

RTECS: Table 2

METHOD: 7301, issue 1

EVALUATION: PARTIAL

Issue 1: 15 March 2003

OSHA: Table 2
NIOSH: Table 2
ACGIH: Table 2

PROPERTIES: Table 1

ELEMENTS: aluminum* calcium lead* phosphorus thallium zinc
antimony* chromium* lithium potassium tin zirconium*
arsenic cobalt magnesium selenium titanium
barium copper manganese silver tungsten*
beryllium iron* molybdenum strontium vanadium
cadmium lanthanum nickel tellurium yttrium
* Some compounds of those elements require special sample treatment.

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE: INDUCTIVELY COUPLED ARGON
(0.8-pm, cellulose ester membrane, or PLASMA, ATOMIC EMISSION
5.0-pm, polyvinyl chloride membrane) SPECTROSCOPY (ICP-AES)
FLOW RATE: 1 to 4 L/min ANALYTE: Elements above
VOL-MIN: Table 1 ASHING
-MAX: Table 1 REAGENTS: Aqua regia (1 HNO,: 3 HCI)

SHIPMENT: Routine CONDITIONS: Room temperature, 30 min; 150 °C to

near dryness

SAMPLE

STABILITY: Stable FINAL

SOLUTION: 5% aquaregia, 25 mL

BLANKS: 2 to 10 field blanks per set

WAVELENGTH: Depends upon element, Table 3
ACCURACY BACKGROUND
CORRECTION: ‘Spectral wavelength shift
RANGE STUDIED: Not determined
e CALIBRATION:  Elements in 5% aqua regia
: Not determined
e S L RANGE: Varies with element [1]
OVERALL PRECISION (§,,): Not determined
CISION (S.) S ESTIMATED LOD: Tables 3 and 4
ACCURACY: Not determined
PRECISION (8,): Tables 3 and 4

APPLICABILITY: The working range of this method is 0.005 to 2.0 mg/m® for each element in a 500-L air sample. This is
simultaneous elementa analysis, not compound specific. Verify that the types of compounds in the samples are soluble with

the ashing procedure selected. This method does not digest PVC filters completely.

INTERFERENCES: Spectral Interferences are the primary interferences encountered in ICP-AES analysis. These are
minimized by judicious wavelength selection, interelement comection factors and background correction [1-4].

OTHER METHODS:

Flame atomic absorption spectroscopy (e.g., Methods 70XX) is an alternate analytical technique for

many of these elements. Graphite furnace AAS (e.g., 7102 for Be, 7105 for Pb) is more sensitve. NIOSH Methods 7300 &
7302 are alternative digestion procedures.
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REAGENTS: EQUIPMENT:
1. Nitric acid (HNO;), conc.”, ultra pure. 1. Sampler: cellulose ester membrane filter,
. Hydrochloric acid (HCI), conc.*, ultra pure. 0.8-pm pore size; or polyvinyl chloride (PVC)
3. Ashing acid (Aqua Regia): 1:3 (v/iv) HNO4HCI. membrane, 5.0-gm pore size; 37-mm
Mix 1 volume conc. HNO,; with 3 volumes diameter, in cassette filter holder.
conc. HCI. 2. Personal sampling pump, 1 to 4 L/min, with
4. Calibration stock solutions, 1000 yg/mL. flexible connecting tubing.
Commercially available, or prepared per 3. Inductively coupled plasma-atomic emission
instrument manufacturer's recommendation spectrometer, equipped as specified by the
(see step 12). manufacturer for analysis of elements of
5. Dilution acid, 1% HNO,, 3% HCI. Add 50 mL interest.
ashing acid to 600 mL water; dilute to 1 L. 4. Regulator, two-stage, for argon.
6. Argon. 5. Beakers, Phillips, 125-mL, or Griffin, 50-mL,
7. Distilled,deionized water. with watchglass covers.**
6. Volumetric flasks, 10-, 25-,100-mL., and 1-L**
7. Assorted volumetric pipets as needed.**
* See SPECIAL PRECAUTIONS. 8. Hotplate, surface temperature 150 °C.

L1

Clean all glassware with conc. nitric
acid and rinse thoroughly in distilled
water before use.

SPECIAL PRECAUTIONS: Concentrated acids are powerful oxidizers, toxic, and corrosive liquids.
W ear protective clothing and work in a fume hood.

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.
2. Sample at an accurately known flow rate between 1 and 4 L/min for a total sample size of 200 to 2000 L
(see Table 1) for TWA measurements. Do not exceed a filter loading of approximately 2 mg total dust.

SAMPLE PREPARATION:

3. Open the cassette filter holders and transfer the samples and blanks to clean beakers.
4. Add 5 mL ashing acid. Cover with a watchglass. Let stand 30 min at room temperature.
NOTE: Start a reagent blank at this step.
5. Heat on hotplate (120 °C) until ca. 0.5 mL remains.
NOTE 1:Recovery of lead from some paint matrices may require other digestion techniques. See
Method 7082 (Lead by Flame AAS) for an aiternative hotplate digestion procedure or Method
7302 for a microwave digestion procedure.
NOTE 2: Some species of Al, Be, Co, Cr, Li, Mo, Sb, W, and Zr will not be completely solubilized by this
procedure. Alternative solubilization techniques for most of these elements can be found
elsewhere [5-10].
6. Add 2 mL ashing acid and repeat step 5. Repeat this step until the solution is clear.
NOTE: PVC filters will not completely dissolve after repeated additions of ashing acid.
Remove watchglass and rinse into the beaker with distilled water.
Increase the temperature to 150 °C and take the sample to near dryness (ca. 0.5 mL).
Dissolve the residue in 2 to 3 mL dilution acid.
Transfer the solutions quantitatively to 25-mL volumetric flasks.
Dilute to volume with dilution acid.

= OO0 RN

- d
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CALIBRATION AND QUALITY CONTROL:

12. Calibrate the spectrometer according to the manufacturer’s recommendations.
NOTE: Typically, an acid blank and 1.0 pg/mL multielement working standards are used. The following

multielement combinations are chemically compatible in 5% Aqua Regia:
a. Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, La, In, Na
b. Ag, K, Li, Mg, Mn, Ni, P, Pb, Se, Sr, T, V, Y, Zn, Sc
c. Mo, Sb, Sn, Te, Ti, W, Zr
d. Acid blank

13. Analyze a standard for every ten samples.

14. Check recoveries with at least two spiked media blanks per ten samples.

MEASUREMENT:

15. Set spectrometer to conditions specified by manufacturer.
16. Analyze standards, samples, and blanks.
NOTE: If the values for the samples are above the range of the standards, dilute the solutions with
dilution acid, reanalyze and apply the appropriate dilution factor in the calculations. If more
sensitivity is required, the final sample volume may be held to 10.0 mL.

CALCULATIONS:

17. Obtainthe solution concentrations for the sample, C, (ug/mL), and the average media blank, C, (pg/mL),
from the instrument.

18. Using the solution volumes of sample, V, (mL), and media blank, V, (mL), calculate the concentration,
C (mg/m?), of each element in the air volume sampled, V (L):

Csl's — Cols
C T e——

7 ,mg!m3

NOTE: pg/L = mg/m?

EVALUATION OF METHOD:

The precision and recovery data were determined at approximately 3x and 10x the instrumental detection
limits on commercially prepared spiked filters [12] using 25.0 mL as the final sample volume. The precision
and recovery data, instrumental detection limits, and analytical wavelengths are listed in Tables 3 and 4. In
general, better recoveries were obtained from MCE filters than from PVC filters. The values in Tables 3 and
4 were determined with a Spectro Analytical Instruments model EOP operated according to manufacturer's
instructions.
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TABLE 1. PROPERTIES AND SAMPLING VOLUMES

Properties
Element Atomic AirVolume, L @ OSHA PEL
(Symbol) Weight MP, °C MIN MAX
Silver (Ag) 107.87 961 250 2000
Aluminum (Al) 26.98 660 5 100
Arsenic (As) 74.92 817 5 2000
Barium (Ba) 137.34 710 50 2000
Beryllium (Be) 9.01 1278 1250 2000
Calcium (Ca) 40.08 842 5 200
Cadmium (Cd) 112.40 321 13 2000
Cobalt (Co) 58.93 1495 25 2000
Chromium (Cr) 52.00 1890 5 1000
Copper (Cu) 63.54 1083 5 1000
iron {(Fe) 55.85 1535 5 100
Potassium (K) 39.10 63.65 5 1000
Lanthanum (La) 138.91 920 5 1000
Lithium (Li) 6.94 179 100 2000
Magnesium (Mg) 24 .31 651 5 67
Manganese (Mn) 54.94 1244 5 200
Molybdenum (Mo) 95.94 651 5 67
Nickel (Ni) 58.71 1453 5 1000
Phosphorus (P) 30.97 44 25 2000
Lead (Pb) 207.19 328 50 2000
Antimony (Sb) 121.75 630.5 50 2000
Selenium (Se) 78.96 217 13 2000
Tin (Sn) 118.69 231.9 5 1000
Strontium (Sr) 87.62 769 10 1000
Tellurium (Te) 127.60 450 25 2000
Titanium (Ti) 47.90 1675 5 100
Thallium (TI) 204.37 304 25 2000
Vanadium (V) 50.94 1890 5 2000
Tungsten (W) 183.85 3410 50 1000
Yttrium (Y) 88.91 1495 5 1000
Zinc (Zn) 65.37 419 5 200
Zirconium (Zr) 91.22 1852 5 200
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TABLE 2. EXPOSURE LIMITS, CAS #, RTECS

Element = Exposure Limits, mg/m* (Ca = carcinogen)
{Symbo!) CAS # RTECS OSHA NIOSH ACGIH
Silver (Ag) 7440-22-4 VW3500000 0.01 (dust, fume, metal) 0.01 (metal, soluble) 0.1 (metal)
0.01 (soluble)
Aluminum (Al) 7429-90-5 BD0330000 15 (total dust) 10 (total dust) 10 (dust)
5 (respirable) 5 (respirable fume) 5 (powders, fume)
2 (salts, alkyls) 2 (salts, alkyls)
Arsenic (As) 7440-38-2 CG0525000  varies C 0.002, Ca 0.01, Ca
Barium (Ba) 7440-39-3 CQ8370000 0.5 0.5 0.5
Beryllium (Be) 7440-41-7 DS1750000  0.002, C 0.005 0.0005, Ca 0.002, Ca
Calcium (Ca) 7440-70-2 - varies varies varies
Cadmium (Cd) 7440-43-9 EU9800000 0.005 lowest feasible, Ca 0.01 (total), Ca
0.002 (respir.), Ca
Cobalt (Co) 7440-484 GF8750000 0.1 0.05 (dust, fume) 0.02 (dust, fume)
Chromium (Cr) 7440-47-3 GB4200000 0.5 05 0.5
Copper (Cu) 7440-50-8 GL5325000 1 (dust, mists) 1 (dust) 1 (dust, mists)
0.1 (fume) 0.1 (fume) 0.2 (fume)
Iron (Fe) 7439-89-6 NO4565500 10 (dust, fume) 5 (dust, fume) 5 (fume)
Potassium (K) 7440-09-7 TS6460000 - - -
Lanthanum 7439-91-0 - - - =3
Lithium (Li) 7439-93-2 - - - -
Magnesium (Mg) 7439-95-4 OM2100000 15 (dust) as oxide 10 (fume) as oxide 10 (fume) as oxide
5 (respirable)
Manganese (Mn) 7439-96-5 009275000 CS5 1, STEL 3 5 (dust)
1, STEL 3 (fume)
Molybdenum (Mo) 7439-98-7 QA4680000 5 (soluble) 5 (soluble) 5 (soluble)
15 (total insoluble) 10 (insoluble) 10 (insoluble)
Nicke! (Ni) 7440-02-0 QR5950000 1 0.015, Ca 0.1 (soluble)
1 (insoluble, metal)
Phosphorus (P) 7723-14-0 TH3500000 0.1 0.1 0.1
Lead (Pb) 7439-92-1 OF7525000 0.05 0.05 0.05
Antimony (Sb) 7440-36-0 CC4025000 0.5 0.5 0.5
Selenium (Se) 7782-49-2 VS§7700000 0.2 0.2 0.2
Tin (Sn) 7440-31-5 XP7320000 2 2 2
Strontium (Sr) 7440-24-6 - - - -
Tellurium (Te) 13494-80-9 WY2625000 0.1 0.1 0.1
Titanium (Ti) 7440-32-6 XR1700000 - - -
Thallium (T1) 7440-28-0 XG3425000 0.1 (skin) (soluble) 0.1 (skin) (soluble) 0.1 (skin)
Vanadium (V) 7440-62-2 YW240000 - C0.05 -
Tungsten 7440-33-7 - 5 5 5
10 (STEL) 10 (STEL)
Yttrium (Y) 7440-65-5 ZG2980000 1 N/A 1
Zinc (Zn) 7440-66-6 ZG8600000 - - -
Zirconium (Zr) 7440-67-7 ZH7070000 5 5, STEL 10 5, STEL 10
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TABLE 3. MEASUREMENT PROCEDURES AND DATA [1].
Mixed Cellulose Ester Filters (0.45um)

wavelength Est.LOD| LOD Certified % Percent | Certified % Percent
Element (nm) (wg/ Filter) | (ng/mL) 3x LOD Recovery RSD | 10xLOD Recovery RSD
(a) (ngffilter) (©) (N=25) | (ugffitter) (c) (N=25)
(b) (b)
Ag 328 0.042 1.7 0.77 100.3 2.39 3.21 93.4 4.95
Al 167 0.115 46 1.54 208.1 42.4 6.40 99.6 9.43
As 189 0.140 5.6 3.08 97.6 471 1290 95.1 1.14
Ba 455 0.005 0.2 0.31 104.3 1.65 1.29 100.8 1.54
Be 313 0.005 0.2 - 0.31 99.6 1.42 1.29 100.6 0.68
Ca 317 0.908 | 36.3 15.4 101.6 5.01| 64.00 101.6 1.42
Cd 226 0.0075 0.3 0.31 106.8 2.60 1.29 99.2 0.76
Co 228 0.012 0.5 0.31 105.6 1.64 1.29 100.4 0.87
Cr 267 0.020 0.8 0.31 97.0 27.0 1.29 88.0 5.38
Cu 324 0.068 27 1.54 118.9 65.2 6.40 102.0 0.68
Fe 259 0.095 38 1.54 114.9 43.0 6.40 82.7 7.81
K 766 1.73 69.3 23.00 94.7 2.60} 96.40 958 0.98
La 408 0.048 1.9 0.77 105.7 1.80 3.21 101.3 0.84
Li 670 0.010 0.4 0.31 104.3 2.37 1.29 99.3 0.89
Mg 279 0.098 3.9 1.54 105.2 4.23 6.40 99.2 1.24
Mn 257 0.005 0.2 0.31 103.5 1.64 1.29 91.2 2.01
Mo 202 0.020 0.8 0.31 108.9 2.70 1.29 97.4 1.25
Ni 231 0.020 0.8 0.31 112.2 2.28 1.29 94.2 1.73
P 178 0.092 37 1.54 93.2 10.9 6.40 97.1 5.93
Pb 168 0.062 25 1.54 88.0 6.52 6.40 102.2 1.06
Sb 206 0.192 7.7 3.08 50.1 54.7| 12.90 80.0 19.46
Se 196 0.135 5.4 2.30 93.2 8.38 9.64 89.1 7.23
Sn 189 0.040 1.6 0.77 25.8 81.9 3.21 91.7 16.39
Sr 407 0.005 0.2 0.31 100.8 1.27 1.29 99.3 0.66
Te 214 0.078 3.1 1.54 103.1 1.88 6.40 95.0 1.31
Ti 334 0.050 2.0 0.77 98.3 1.88 3.21 96.0 1.06
Tl 190 0.092 37 1.54 101.3 3.57 6.40 98.2 0.71
\Y 292 0.028 1.1 0.77 106.0 1.38 3.21 101.3 0.81
w 207 0.075 3.0 1.54 64.9 21.8 6.40 74.1 11.34
Y 371 0.012 0.5 0.31 104.3 1.55 1.29 99.3 0.72
Zn 213 0.310 12.4 460 99.8 9.73| 19.30 98.0 0.86
Zr 339 0.022 0.9 0.31 52.5 71.2 1.29 76.6 18.19

(a) Bold values are qualitative only, because of poor recovery.

(b) Values are certified by Inorganic Ventures INC. at 3x and 10x the approximate instrumental LOD.

(c) Values reported were obtained with a Spectro Analytical Instruments EOP ICP; performance may
vary with instrument and should be independently verified.
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TABLE 4. MEASUREMENT PROCEDURES AND DATA [1].
Polyvinyl Chioride Fliter (5.0 um)

wavelength Est. LOD| LOD Certified % Percent| Certified % Percent
Element (nm) (ug/ Filter) | (ng/mL) | 3xLOD Recovery RSD | 10x LOD Recovery Rsp
(a) (ng/filter) (c) (N=25) | (ng/filter) (c) (N=25)
(b) (b)
Ag 328 0.042 1.7 0.78 57.9 0.2 3.18 55.0 217
Al 167 0.115 46 1.56 -1.9 6.40 112.1 59.6
As 189 0.140 5.6 3.10 78.2 1.6 12.70 80.2 7.9
Ba 455 0.005 0.2 0.31 73.0 0.1 1.27 95.7 37
Be 313 0.005 0.2 0.31 81.1 0.1 1.27 97.2 43
Ca 317 0.908 36.3 15.60 68.2 4.9 64.00 97.7 45
Cd 226 0.0075 0.3 0.31 86.7 0.1 1.27 97.4 43
Co 228 0.012 0.5 0.31 83.8 0.1 1.27 99.2 44
Cr 267 0.020 0.8 0.31 80.1 0.1 1.27 94.1 6.8
Cu 324 0.068 27 1.56 75.9 0.5 6.40 96.1 43
Fe 259 0.095 3.8 1.56 78.4 0.6 6.40 88.4 9.0
K 766 1.73 69.3 23.40 61.4 31 95.00 91.6 5.7
La 408 0.048 1.9 1.78 344 0.4 3.18 95.3 3.8
Li 670 0.010 0.4 0.31 76.3 0.0 1.27 96.0 47
Mg 279 0.098 3.9 1.56 775 0.6 6.40 94.0 46
Mn 257 0.005 0.2 0.31 77.4 0.1 1.27 93.4 42
Mo 202 0.020 0.8 0.31 79.7 0.2 1.27 89.2 9.8
Ni 231 0.020 0.8 0.31 86.2 0.1 1.27 100.8 4.8
P 178 0.092 37 1.56 76.9 0.9 6.40 69.0 14.5
Pb 168 0.062 25 1.56 82.0 0.9 6.40 99.4 44
S§b 206 0.192 7.7 3.10 40.3 1.5 12.70 23.0 76.5
Se 196 0.135 5.4 2.30 89.4 1.2 9.50 87.5 9.9
Sn 189 0.040 1.6 0.78 101.1 0.4 3.18 211 1240
Sr 407 0.005 0.2 0.31 73.4 0.1 1.27 95.2 3.9
Te 214 0.078 3.1 1.56 91.8 0.7 6.40 85.3 7.5
TI 334 0.050 2.0 0.78 53.4 0.2 3.18 46.3 39.9
TI 190 0.092 3.7 1.56 71.6 0.8 6.40 86.1 9.3
\ 292 0.028 1.1 0.78 77.8 0.3 3.18 96.1 46
w 207 0.075 3.0 1.56 51.3 0.8 6.40 29.8 47.0
Y 371 0.012 0.5 0.31 79.6 0.1 1.27 95.8 4.4
Zn 213 0.310 12.4 470 80.9 22 19.10 94.7 42
Zr 339 0.022 0.9 0.31 46.2 0.1 1.27 39.2 1127

(a) Bold values are qualitative only because of poor recovery.

(b) Values are certified by Inorganic Ventures INC. at 3x and 10x the approximate instrumental LOD.

{(c) Values reported were obtained with a Spectro Analytical Instruments EOP |CP; performance may vary
with instrument and should be independently verified.
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